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PREFACE. 

This  book  consists  of  three  parts.  In  Part  I.,  the  structure 
and  growth  of  the  Flowering  Plant  is  given  ; Part  II.  treats 
of  the  classification,  distribution,  and  habitat  of  Flowering 
Plants,  and  the  characteristics  of  a few  Orders ; whilst 
Part  III.  deals  with  the  Physiology  of  the  Plant. 

Part  I.  begins  with  germination,  traces  the  growth  of  the 
plant  from  the  seed,  describes  its  component  parts,  root  and 
shoot,  and,  lastly,  the  formation  of  the  flower — a shoot 
modified  for  the  production  of  fruit  and  seed. 

In  Part  II.,  those  Orders  are  selected  which  are  required 
for  the  Junior  Oxford  and  most  Elementary  Examinations 
in  Botany. 

The  Physiology  of  Plants,  in  Part  III.,  is  treated  experi- 
mentally, as  far  as  is  possible  in  a book  of  this  scope. 
Students  should  repeat  the  experiments  for  themselves. 

It  is  hoped  that  the  book  will  be  especially  useful  to  those 
preparing  for  the  Junior  Oxford  and  Cambridge  Examina- 
tions, and,  above  all,  that  it  may  interest  beginners  in  the 
study  of  Botany.  As  far  as  possible,  technical  language  has 
been  avoided,  in  order  that  beginners  may  not  be  discouraged 
by  terms,  which  are  often  mere  names  to  them.  When  such 
terms  are  used,  they  have  been  carefully  explained,  and,  if 
helpful,  their  derivation  has  been  given. 
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PREFACE 


A list  of  the  authorities  I have  chiefly  consulted  will  be 
found  on  page  x. 

The  illustrations  have  been  drawn  especially  for  this  book 
by  Miss  W.  L.  Boys-Smith,  to  whose  artistic  skill,  know- 
ledge of  botany,  and  kindly  interest,  I am  much  indebted. 
Many  of  the  specimens  for  the  illustrations  were  most 
kindly  supplied  me  from  the  Cheltenham  Botanical  Gardens 
by  Mr.  W.  L.  Mellersh. 

Lastly,  I wish  to  express  my  warmest  thanks  to  my 
friend  and  colleague,  Miss  Amy  Johnson,  B.Sc.,  whose  help 
has  been  invaluable.  The  experiments  described  in  the 
section  on  Physiology  are  those  which  she  has  found  prac- 
ticable for  class  demonstration  ; and,  indeed,  there  is  not  a 

% 

single  chapter  which  does  not  owe  much  to  her  suggestion. 

CHARLOTTE  L.  LAURIE. 

Cheltenham, 

October,  1901. 

PREFACE  TO  TWELFTH  EDITION. 

WHILST  feeling  considerable  gratification  that  a twelfth 
edition  of  this  book  should  be  required,  I am  very  conscious 
that  much  of  its  success  has  been  due  to  Miss  Johnson’s 
kindly  criticism  and  suggestion,  and  to  the  excellence  of 
Miss  Boys-Smith’s  illustrations. 

In  this  edition  a chapter  on  Soil,  and  another  on  Seasonal 
Changes,  have  been  added  to  the  physiological  section  ; and 
the  Orders  Iridaceae  and  Amaryllidaceae  to  the  chapter  on 
Classification.  In  Part  I.  a better  classification  of  fruits  is 
given,  and  the  technical  terms  “ microspore  ” and  “ macro- 
spore ” have  been  omitted. 

It  is  hoped  that  these  additions,  together  with  the  new 
illustrations,  will  make  the  book  even  more  useful  than  it 
has  proved  to  be  in  the  past. 


September, 


C.  L.  L. 
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CHAPTER  I 

GERMINATION 

In  order  to  watch  the  process  of  germination,  seeds  should 
be  soaked  for  twenty-four  hours  and,  if  possible,  grown  in 
damp  air.  This  can  be  managed  in  the  case  of  such  seeds  as 
pea  or  bean,  by  pinning  them  to  the  cork  of  a glass  bottle 
with  a wide  mouth  ; the  bottle  should  be  kept  half  filled  with 
water,  in  order  that  the  air  may  be  constantly  moist.  (See 
Fig  12.)  Mustard  and  cress  may  be  conveniently  grown 
on  flannel,  or  on  a sponge,  and  seeds  grow  well  in  sawdust 
or  cocoanut  fibre but  under  these  conditions  it  is  not 
possible  to  watch  the  whole  process  of  germination,  as  it 
is  when  the  seed  is  grown  in  damp  air  in  a bottle.  Acorns 
germinate  well  in  little  specimen  vases  nearly  filled  with 
water. 

structure  of  The  bean  seed  is  convex  on  one  side,  and  more 
Bean  seed.  or  icss  8fcraight  OIl  the  other ; it  is  enclosed  in  a 
brown  coat,  called  the  testa.  On  one  side  is  a black  scar, 
denoting  the  attachment  of  the  stalk  of  the  seed.  Along  the 
straighter  side  of  the  bean  a triangular  structure  is  easily 
seen  through  the  testa,  the  apex  of  the  trianglo  pointing 
towards  the  scar.  This  is  the  radicle,  from  which  the  first  or 
primary  root  arises.  A little  hole,  through  which  water  is 
seen  oozing  out  when  the  bean  has  been  previously  soaked, 
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should  be  noticed  between  the  apex  of  the  radicle  and  the 
black  scar ; through  this  the  radicle  pushes  its  way  out.  A 
bean  which  has  been  soaked  for.  twenty-four  hours  will  be 
consideiably  larger  than  it  was  in  the  dry  condition,  owing 
to  the  water  taken  in;  and  the  testa,  which  in  the  dry 
condition  was  wrinkled,  is  now  tightly  stretched. 


Fig.  1. — Bean  Seed  (External).  Fig.  2. — Embryo  of  Bean. 

(,  testa  ; s,  scar  of  attachment  of  seed  stalk  ; to,  hole  through  which 
radicle  protrudes  (micropyle)  ; p,  plumule  : r,  radicle  ; stk,  stalk  of  dot/' 
ledons  (c). 


The  testa  may  be  removed  by  cutting  it  along  the  convex 
side  of  the  bean.  * It  will  then  be  seen  that  the  greater  part 
of  the  seed  is  occupied  by  two  thick,  fleshy  lobes ; these  are 
the  cotyledons  ; they  are  the  first  leaves  of  the  young  plant, 
and  in  this  case  contain  the  food  for  the  young  seedling.  The 
cotyledons  easily  separate,  and  if  held  apart  without  breaking 
them,  as  in  Fig.  2,  it  is  possible  to  make  cut  a yellowish 
structure  continuous  with  the  radicle  and  lying  between  the 
two  cotyledons.  This  is  the  plumule,  which  will  give  rise  t<r 
the  young  shoot.  The  plumule,  therefore,  is  the  first  bud  ol 
the  plant. 

The  radicle,  plumule  and  cotyledons  together  form  the 
embryo,  so  that  the  bean  seed  contains  nothing  but  the  young 
plant. 

The  timo  required  for  the  development  of  radicle  and 
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plumule  depends,  amongst  other  things,  on  the  time  of  year. 
In  a bean  grown  in  damp  air  in  November,  the  radicle  did 
not  burst  through  the  testa 
until  the  third  day  from  the 
time  it  was  'first  soaked ; in 
spring,  the  process  would  be 
much  more  rapid. 

The  radicle, 
having  burst  the 
testa,  grows  downwards, 
giving  oft’  branches  laterally, 
whilst  the  plumule  is  pushed 
out  from  between  the  cotyle- 
dons owing  to  the  growth  in 


Growth  of 
Emhryo. 


length  of  their  stalks. 


The 

main  root  which  arises  from 
the  radicle  is  the  primary 
root ; its  branches  are  lateral 
roots. 

• With  the  ger- 
Grain  of  mination  of  a 
Maize'  bean  seed  may 
be  compared  that  of  maize. 

A grain  of  maize  is  not  merely 
a seed ; it  is  the  seed  and  the 
seed-vessel,  so  that  it  answers 
not  only  to  the  seed  of  the 
bean,  but  to  the  seed  and  the 

pod.  Its  seed-coat  has  become  united  to  its  seed-vessel ; the 
Akin  of  the  grain  of  maize,  therefore,  represents  testa  and  seed- 
vessel. 

A grain  of  maize  is  rather  longer  than  it  is  broad ; at  the 
pointed  end  may  be  observed  the  rough  edge,  by  which  it 
was  attached  to  the  cob;  the  two  broad  surfaces  are  smooth, 
but  in  the  centre  of  one  of  them  a greyish  line  is  visible.  This 
denotes  the  position  of  plumule  and  radicle.  Round  that  is  a 
shield-likc,  white  substance,  called  from  its  shape  the  scutellum 


Fig.  3. — Bean  Seedling. 
t,  testa  ; stlc,  stalk  of  cotyledon  ; 
rt,  primary  root ; lat,  lateral  roots  ; 
rh,  root-hairs  ; p,  plumule. 
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(Latin  scutum , a shield) ; this  answers  in  part  to  the  cotyledon. 
1 he  rest  of  the  grain,  chiefly  yellow,  is  food  material. 

Stages  in  ^ he  first 
Germination,  step  in 

germination  is  in- 
variably  the  swelling 
of  the  seed  owing 
to  the  taking  in  of 
water  ; then  the  skin 
bursts  inconsequence 
of  the  pressure  of 
the  radicle  against 
it ; this  soon  pro- 
trudes, and  the  skin 
goes  on  splitting 
until  the  plumule 
also  emerges.  The 
radicle  soon  gives 
off  branches  forming 
lateral  roots.  In  maize,  two  other  roots,  called  secondary, 
arise  from  the  scutellum.  The  first  root  has  a little  sheath  at  its 
base,  so  that  it  is  possible  to  tell  which  the  primary  root  is. 

The  plumule  grows  into  the  shoot ; in  maize  the  leaves 
ensheath  the  stem. 


4.- 


Figs.  4 to  7. — Maize. 

-External  View  op  Grain.  5. — Embryo, 


REMOVED  FROM  GRAIN.  6 AND  7. — SEEDLINGS. 

x,  remains  of  style  ; y,  stalk  of  attachment 
to  cob  ; sc,  scutellum  ; p,  plumule  ; r,  radicle  ; 
sh,  root- sheath  ; rh,  root-hairs  ; e,  food -material. 


COMPARISON  OF  SEED  OF  BEAN  AND 
GRAIN  OF  MAIZE. 


BEAN. 

1.  A seed. 

2.  Brown  skin  is  testa. 

3.  Two  fleshy  cotyledons, 

containing  food. 

4.  Food  stored  within  the 

young  plant. 

5.  Radicle  develops  into 

primary  root,  bearing 
lateral  branches. 


6.  Plumule  grows  into  shoot, 


MAIZE. 

A seed  + seed-vessel. 

Skin  is  testa  -f  wall  of  seed- 
vessel. 

One  cotyledon. 

Food  supply  external  to  the 
young  plant. 

Radicle  develops  into  primary 
root  with  lateral  branches  ; 
in  addition  there  are  two 
other  roots,  which  are 
soon  as  long  as  the 
primary  root. 

Plumule  grows  into  shoot. 
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In  all  cases,  the  conditions  of  germination 
necessary  for  are  similar.  The  seed  must  have  water ; it 
Germination.  must  firsfc  be  soaked  and  then  kept  constantly 

moist,  for  without  water  growth  cannot  take  place. 

Secondly,  it  must  have  air. 

Thirdly,  it  must  have  food. 

This  may  he  contained  within 
the  embryo,  as  in  the  cotyle- 
dons of  the  bean ; or  it  may  be 
external  to  the  embryo, . as  in 
maize. 

Fourthly,  a certain  tempera- 
ture is  necessary.  Seeds  do  not 
germinate  when  exposed  to  a 
low  temperature  ; a cold  spring 
keeps  back  the  germination 
of  the  seeds  planted  in  our 
gardens. 

Lastly,  light,  though  not  neces- 
sary for  the  first  stages  of  ger- 
mination, is  essential  for  the 
healthy  development  of  the 
plant. 

Mustard  and  cress,  and  seeds 
which  have  two  cotyledons, 
develop  as  the  sunflower  or 
bean ; seeds  of  grasses,  and 
those  which  have  only  one 
cotyledon,  resemble  maize  in 
their  development. 

so 


FlOd. 


Structure  of  The  so-called 
Sunflower  “seeds”  of 
"Seeds.” 

flower, 


8 and  9.  - Seedlings  oe 
Maize. 

rt,  primary  root  ; rh,  root- 
hairs  ; lat,  lateral  roots  ; sec , 
secondary  roots  ; sh,  root-sheath  [ 
c,  cotyledon  ; p,  plumule. 


sun- 
those  that 

are  bought  from  nurserymen,  represent  not  only  the  seed, 
but  also  the  seed-vessel.  The  brown,  brittle  shell  is  the 
wall  of  the  seed-vessel,  and  answers  to  the  pod  of  the  bean ; 
within  this  is  a delicate  whitish  layer,  the  testa- 
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Comparing  the  germination  of  sunflower  with  that  of  bean, 
there  is  this  difference  to  note : the  two  cotyledons  do  not  remain 

in  the  ground  as  they  do 


/o 


//. 


Figs.  10  and  11.— Sunflower. 
pr,  wall  nf  seed-vessel ; z,  attach- 
ment of  parts  of  Hower  ; r,  radicle  ; 
c,  cotyledons  ; m,  micro pyle  ; rh,  root- 
hairs. 


in  the  bean,  but  are  borne 
upwards  by  the  growth  in 
length  of  the  stem  beneath 
the  cotyledons,  generally 
carrying  the  seed  - vessel 
with  them.  This  soon 
falls  off ; the  cotyledons 
then  expose  their  inner 
surfaces  to  the  sunlight, 
turn  green,  and  begin  to 
make  food  for  the  seedling. 

The  plumule  emerges 
from  between  the  cotyle- 
dons, and  grows  into  the 
shoot. 

The  portion  of  the  stem 
beneath  the  cotyledons  is 
called  the  hypocotyle- 
donary stem  (Gk.  hypo  = 
under). 


COMPARISON 

BEAN. 

1.  A seed. 


2.  The  brown  skin  is  the  seed 

coat. 

( radicle. 

3.  Embryo^  plumule. 

( two  cotyledons. 

4.  Cotyledons  remain  in  the 

ground,  and  do  not  turn 
green. 

5.  One  main  root  with  lateral 

branches. 


OF  GERMINATION. 

SUNFLOWER. 

A seed  + seed-vessel,  the  brown 
shell  being  wall  of  seed- 
vessel. 

The  seed  coat  is  the  thin,  white 
skin  within  the  brown 
shell. 

f radicle. 

Embryo-  plumule. 

|pwo  cotyledons. 

Cotyledonscomeabove  ground 
and  turn  green. 

One  main  root  with  lateral 
branches. 


GERMINATION 


9 


The  Another  very  good  seed  to  examine  is  that  of 
Buckwheat,  the  Buckwheat,  which  germinates  quickly.  Tlu? 
so-called  “seed,”  like  the  grain  of  the  Maize,  represents  not 
only  a seed  but  a seed-vessel.  To  see  the  first  stages  of 
germination  the  seeds  should  be  sown  in  a box  of  suitable 
soil.  A very  good  mixture  consists  of  two  parts  turfy  loam 
one  part  leaf  mould,  half  a part  peat,  and  half  a part  sand 
At  the  end  of  a few  days  the  surface  soil  should  be  gently 
scraped  to  expose  the  young  seedling.  The  seed-vessel  will 
by  that  time  have  burst  its 
growing  down. 

A little  later  the  stages 
given  in  Fig.  11a  will  be 
seen.  The  hypocotyle- 
donary stem  has  made  its 
way  above  the  soil,  and  is 
in  the  form  of  an  arch, 
like  the  letter  U turned 
upside  down.  The  cotyle- 
dons are  still  enclosed  in 
the  seed-vessel.  Gradually 
the  hypocotyledonary  stem 
straightens  itself,  often 
making  a revolution,  as 
seen  in  the  second  illus- 
tration. When  the  seed- 
vessel  falls  off  the  two 
cotyledons  are  seen,  folded 
in  the  mealy  food  material,  which  they  are  engaged  in 
absorbing  during  these  early  stages  of  germination.  As  soon 
as  the  stem  straightens  itself  the  cotyledons  spread  out,  and 
the  plumule  is  seen  between  them. 

The  Buckwheat  then  resembles  the  Maize  in  having  food- 
material  outside  the  embryo,  and  it  is  like  the  Sunflower  in 
having  two  cotyledons.  Thus  it  is  clear  that  the  presence  of 
food-material  outside  the  embryo  has  nothing  to  do  with  the 
number  of  cotyledons  in  the  seed. 


outer  coat,  and  the  radicle  will  be 


Fig.  11a.— Seedlings  of  Buckwheat. 
c,  cotyledons  ; pr,  seed-vessel  ; r,  rad- 
icle ; li,  hypocotyledonary  stem  ; 
p,  plumule. 
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Germination  Iho  germination  of  the  Sycamore  seedling  may 
Sycamore  eas^  observed,  for  the  seed-vessels  of  this 
tree  are  carried  far  and  wide  owing  to  the  wings 
attached  to  them,  and  young  seedlings  in  all  stages  of  develop- 
ment may  be  piclced  up  under  the  parent  tree.  The  complete 
fruit  of  the  Sycamore  consists  of  two  halves,  each  exactly 
similar  in  structure  to  the  other. 

In  Fig.  11b  one  half  of  the 
complete  fruit  with  the  seed  be- 
ginning to  burst  through  the  seed 
vessel  is  shown  in  the  first  illus- 
tration, and  the  wing  by  which  the 
fruit  is  dispersed. 

The  radicle  emerges  first,  the 
cotyledons  being  still  rolled  up 
inside  the  testa.  The  hypocoty- 
ledonary stem  then  becomes  arched 
in  order  to  pull  the  cotyledons  out 
of  the  testa ; as  soon  as  they  are 
free  they  spread  out  into  two  blade- 
like leaves,  and  the  plumule  grows 
out  between  the  two  cotyledons  to 
form  the  first  shoot.  The  first 
foliage  leaves  are  very  different 
from  the  cotyledons,  and  also  from 
the  later  leaves  of  the  adult  tree. 
Thus,  the  germination  of  the  Syca- 
more very  closely  resembles  that 
of  the  Sunflower. 

In  observing  the  germination  of 
different  seeds,  the  behaviour  of 
the  cotyledons  should  be  specially 
noticed.  Sometimes  they  are  thick 
and  fleshy,  and  remain  in  the  ground,  as  in  the  Beech  and  Oak 
and  some  species  of  Bean.  Other  seeds,  as  those  of  the  Buck- 
wheat, Sunflower,  and  Sycamore  have  cotyledons,  which  by  the 
growth  in  length  of  the  hypocotyledonary  stem  come  up  above 
the  soil,  turn  green,  and  make  food  for  the  young  seedling. 


Fig.  11b. — Seedlings  of 
Sycamoke. 

1.  A half-fruit : s,  seed  ; 
w,  wing ; r,  radicle. 

2.  Seed  with  cotyledons 
(c)  rolled  up;  radicle  (/•) 
protruding  ; pr,  seed- 
vessel  fallen  off. 

3.  Older  seedling : e,  coty- 
ledons ; p,  plumule  ; 
h,  hypocotyledonary 
stem. 
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ROOTS 

Growth  of  a see<^  *s  P11^  to  germinate  in  moist  air  (p.  3), 
Root  from  the  growth  of  the  first  root  from  the  radicle  may 
Radicle.  0bserved.  The  first  thing  to  notice  is,  that  the 
root  always  grows  downwards  ; if  even  the  seed  is  pinned  to  the 
cork  in  such  a way  that  the  radicle  is  uppermost,  the  primary 
root  will  curve,  so  as  to  grow  towards  the  centre  of  the  earfh. 

Then  when  the  root  is  about  an  , _____ 

inch  and  a half  in  length,  if  it  is 
marked  to  its  very  tijo  with  black 
lines  in  Indian  ink  and  two  milli- 
metres apart,  it  will  be  seen  at  the 
end  of  twenty-four  hours  that  the 
distances  between  the  lines  which 
were  at  first  the  same  now  vary, 
the  greatest  distance  occurring  near 
the  tip  of  the  root.  This  shows 
that  growth  is  most  active  near  the 
apex  of  the  root ; the  growing 
point  is  just  behind  its  tip,  which 
consists  of  a root-cap,  a structure 
that  protects  the  root  as  it  comes  in  contact  with  the  soil. 
Ihe  portion  of  the  root  a little  way  behind  the  tip  is  covered 
with  hairs,  which  are  more  or  less  dense  according  to  the 
circumstances  under  which  the  root  is  growing;  if  exposed  to 
moisture,  for  instance,  they  will  be  more  abundant  than  they 
would  be  in  dry  soil. 


Fig.  12. — Seed  Germi- 
nating in  Moist  Air,  show- 
ing Growth  of  Radicle. 


Branches  of 
Roots. 


A primary  root 


forth 


soon  begins  to  put 

branches ; these  always  arise  laterally,  sometimes 
in  two  rows,  sometimes  in  four,  three,  or  five,  or  even  more. 
They  originate  within  the  root,  as  is  clearly  shown  in  the 
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accompany  ing  figure,  and  are,  therefore,  said  to  arise  endo- 
genously. (G-k.  endon  = within,  and  ginomai  = to  grow.) 
hach  branch,  like  the  main  root,  develops  root-hairs  behind 

its  tip,  and  is  pro- 
tected by  a root-cap. 
When  the  primary 
root  grows  - to  a 
greater  length  than 
any  of  its  branches, 
the  plant  is  said  to 
have  a tap-root ; but 
when,  as  has  already 
been  mentioned  in 
maize  (p.  G),  second- 
ary roots,  arising 
from  other  parts  of 
the  stem,  soon  equal 
the  primary  root  in 
length,  there  is  no 
tap-root. 

A root  system,  in 
which  there  is  no 
main  root,  is  de- 
scribed as  fibrous. 

Primary  roots  may 
be  very  varied  in 
shape,  as  may  be 


U 


- -T.C 


Fig.  13. — Main  Root,  showing  Lateral 
Roots  arising  Endogenously  (diagram- 
matic). 

rt,  primary  root  ; lat,  lateral  roots  ; rh, 
root-hairs  ; rc,  r<jot-cap  ; fc,  inner  tissues. 


seen  by  comparing  the  carrot  with  the  turnip  ; or  they  may 
be  irregularly  swollen,  as  in  the  dahlia. 

_ A root  has  two  main  functions  to  perform  in 

of  a the  life  of  the  plant ; the  primary  root,  which 

Root-  grows  to  considerable  length,  and  is  thick  and 

stout  in  the  portion  nearest  the  stem,  fixes  the  plant  in  the 
soil;  whilst  the  extremities  of  the  root  and  its  numerous 
branches  are,  owing  to  the  root-hairs  with  which  they  are 
covered,  specially  concerned  in  taking  in  food  and  water 
for  the  plant  from  the  soil.  In  transplanting,  a lump  of 
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soil  should  be  taken  up  with  the  plant,  in  order  that  the 
root-hairs  may  not  be  injured  and  the  plant  not  wither 
away. 

Definition  A root  of  a land  plant  may  now  be  defined  as 

of  a Root,  that  paI.t  0f  the  plant  which  fixes  it  in  the  soil, 
and  absorbs  nourishment  for  it  through  its  branches,  which 
are  developed  laterally,  and 
are  exactly  similar  to  it  in 
structure. 

Adventitious  Roots  which 
Roots.  do  not  arise 

from  the  radicle  are  said 
to  be  adventitious.  They 
may  be  developed  from 
the  stem,  as  in  ivy,  where 
they  become  climbing 
organs  through  their  clasp- 
ing power.  “ Cuttings  ” 
put  out  roots  from  the  cut 
stem,  and  even  flowers  in 
water  will  send  out  roots 
from  their  cut  stalks  : 

Marguerite  daisies  com- 
monly do  this. 

The  aerial  roots  of 
tropical  Orchids  are  also 
adventitious ; in  this  case 
the  dust  and  drops  of  dew 
and  other  moisture  falling 
on  the  root  furnish  the  plant  with  food.  Thus,  an  Orchid 
with  aerial  roots,  although  it  lives  on  another  plant,  generally 
some  tree,  does  not  in  any  way  injure  it,  for  it  gets  its 
nourishment  from  the  air  and  not  at  the  expense  of  the  tree. 
Some  tropical  trees,  the  Banyan-tree,  for  example,  give  out 
roots  from  their  trunk  ; these  hang  down  like  long  streamers, 
at  first  swinging  freely  in  the  air,  but  eventually  taking  root 
in  the  ground.  It  is  said  that  the  island  of  Barbados  received 


L 

Fig.  14.— Fibrous  Roots  or  Grasses. 
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its  name  from  these  trees,  the  Portuguese  sailors  likening 
them  to  old  men’s  beards.  1 

Roots  of  Many  plants  live  on  other  plants,  and  obtain 
Parasites.  Lhe  whole  of  their  food  from  them ; Dodder  and 
-Broom-i ape  are  typical  instances.  Dodder  lives  on  clover, 
hemp,  flax ; broom-rape  on  clover  and  other  herbaceous  plants. 
These  all  send  processes  from  their  roots  into  the  plant  on 
which  they  are  living,  and  thus  suck  nourishment  from  them. 

Mistletoe,  eyebright, 
and  red  rattle  get  only 
part  of  their  nourish- 
ment from  the  plant  on 
which  they  live,  a good 
deal  being  obtained 
through  their  own 
leaves.  It  may  be 
noticed  that  where  the 
eyebright  is  abundant, 
grass  is  scarce,  as  on 
exposed  moors  in  York- 
shire and  Scotland. 
The  German  name  for 
this  flower  is  milchdieb, 
or  milk  - thief,  for 
owing  to  the  fact  that 
it  lives  on  the  roots  of 
grasses,  pasturage  is 
poor  in  its  neighbour- 
hood. 

Duration  of  Plants  which  have  roots  that  live  only  for  a 
Roots.  year  are  sa»d  to  be  annuals.  Such  plants  as,  for 
instance,  poppy,  spring  from  the  seed,  flower  the  same  year, 
and  then  die. 

Biennials,  on  the  other  hand,  are  plants  which  spring  from 
the  seed,  form  leaves  during  the  first  season,  but  do  not 
flower  until  the  following  year.  During  the  first  year’s 
growth  the  plant  is  storing  up  nourishment  for  the  second 
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Fig.  15. — Orchid,  showing  Aerial 
Roots. 
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year,  either  in  the  root  or  underground  stem,  as  in  beet, 
carrot,  turnip ; during  the  second  season  it  flowers  and 
seeds. 

A perennial  is  a plant  which  lives  and  sometimes  blossoms 
year  after  year;  its  roots  may  be  perennial,  but  very  often 
they  last  only  two  years,  and  growth  then  proceeds  from  the 
underground  stem.  Some  perennials  flower  every  year, 
others  only  occasionally. 

Eootstocks  must  not  be  confused  with  roots ; they  are 
underground  stems,  and  will  be  discussed  la.ter. 


16 


ELEMENTARY  BOTANY 


CHAPTER  HI 


BUDS 

Plumule,  the  The  plumule  is  the  first  bud.  As  soon  as  the 
First  Bud.  plumule  has  begun  to  appear  above  the  cotyledons, 
if  it  is  cut  lengthways  through  the  middle  and  examined  with 
a hand  lens,  it  will  be  seen  to  consist  of  a central  portion,  the 
stem,  and  of  lateral  outgrowths,  the  leaves. 

All  buds  consist  of:  (1)  This  stem-like  portion;  (2)  leaves. 
Thus  a bud  is  the  germ  of  a shoot. 

The  stem  portion  of  the  bud 
is  very  short,  and  the  leaves  are 
crowded  together.  The  part  of 
the  stem  from  which  the  leaves 
come  is  called  the  node  (Latin 
nodus,  a knot),  and  the  part  be- 
tween the  leaves,  the  interncie. 

Apical  f he  stem  of  a 
Budsi.  plant  always  ends 
in  a bud  — the  apical  bud  ; 
here  the  nodes  are  very  close 
together  and  the  internodes 
short.  As  the  stem  grows,  the 
nodes  become  further  apart, 
owing  to  the  growth  in  length 
of  the  internode. 


Lig.  16. — Section  of  Axillary 
Bun. 

st,  stem  portion  ; sc,  scales ; fl, 
foliage  leaves. 


Axillary 

Buds. 


Other  buds  arise  in  the  angle  which  the  leaf 
makes  with  the  stem,  i.e.,  in  the  axil ; these  are, 
therefore,  called  axillary  buds.  A section  through  an  axillary 
bud  shows,  as  in  the  plumule,  stem  and  leaves.  If  all  these  buds 
developed,  then  wherever  there  was  a leaf  there  would  be  a 
branch ; but  a great  many  of  them  remain  dormant.  Sometimes 
an  axillary  bud,  which  has  been  dormant  for  a long  time,  may 
form  a branch  in  order  to  replace  one  which  has  been  injured  ; 
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this  is  specialty  the  case  where  the  apical  bud  has  been  destroyed, 
as  in  the  trimming  of  hedges.  In  this  way  not  only  are 
hedges  prevented  growing  too  high,  but  thei"  growth  in 
thickness  is  ensured. 

Winter  Buds  -The  best  way  of  realizing  the  position  and  the 

of  Ash.  number  of  buds  present  in  a plant  is  to  examine 
trees  in  winter.  If  a twig  of  the  Ash  be  carefully  observed,  it 
will  be  seen  that  the  apex  ends  in  a bud,  that  close  to  the  apical 
bud  are  two  axillary  ones ; 
the  fact  that  they  are  in  the 
angle  which  the  leaf  makes 
with  the  stem  being  clear 
from  the  scar  left  by  the 
fallen  leaf  just  under  each 
bud.  The  next  two  buds  are 
on  opposite  sides  of  the  stem, 
and  so  on. 

The  length  of  the  inter- 
nodes varies  verj^  much. 

When  the  twig  has  developed 
normally  it  may  be  consider- 
able, about  an  inbh  and  a half  ; 
but  very  often  development 
has  been  arrested,  and  the 
stem  has  not  grown  much  in 
length,  so  that  the  nodes  are 
closer  to  each  other.  A 
normal  condition  shows  short 
internodes  near  the  apex ; 
then  longer  and  longer  ones, 
until  the  end  of  that  year’s 
growth  has  been  reached  ; below  that  the  internodes  become 
closer  again,  and  again  lengthen  out.  A terminal  branch, 
about  twelve  inches  in  length,  may  show  three  years’  growth. 
These  winter  buds  are  specialty  adapted  for  the  protection  of 
the  young  leaves  from  the  cold  and  damp.  The  buds  of  the  Ash 
have  thick,  olive-green,  almost  black,  scales,  which  are  leaves 


Fig.  17.  — Terminal,  Portion  and 
Side  Twig  of  Branch  of  Ash. 
n,  node  ; int,  internode  ; si,  scar 
of  attachment  of  last  year’s  leaves  ; 
ss,  scars  1 eft  by  scales  of  last  year’s  bud, 
marking  limit  of  one  year’s  growth. 
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that  have  become  developed  for  purposes  of  protection. 
Each  bud  has : 

1.  Four  outer  black  scales  which  overlap,  completely 
enclosing 

2.  The  young  leaves  covered  with  down.  These  may  be, 
not  only  the  green  foliage  leaves,  but  also  those  which 
develop  into  the  flower.  Generally,  one  axillary  bud  de- 
velops into  a branch,  and  the  opposite  bud  into  a flowering 
shoot. 

3.  The  stem  portion,  which  bears  the  scales  and  leaves  just 
described. 


„ . A twig  of  the  Horse-chestnut  shows  even  more 
of  Horse-  plainly  than  that  of  the  Ash  the  scar  left  by  the 
chestnut.  faqen  ieaVes,  and  the  buds  are  particularly  well 
protected  from  the  winter  cold  and  damp.  The  outer  brown 
scales  are  covered  with  resin,  so  that  it  is  particularly  difficult 

to  get  them  off  with- 
out breaking  them, 
unless  the  I’esin  is 
first  dissolved  in 
methylated  spirits. 
LT  nderneath  these 
brown  scales  are 
green  covering 
scales  ; then  come 
the  young  foliage 
leaves  so  entirely 
covered  with  down 
that  they  look  quite 
white.  Within  these, 
in  a terminal  bud, 
are  the  flowers,  look- 
ing rather  pinker.  All  these  are  borne  by  the  short  stem  of 


Figs.  18  and  19.— Winter  Bud  ojt  Horse- 
chestnut.  18.  External  View.  19.  Longi- 
tudinal Section. 

inji,  inflorescence  ; ft,  foliage  leaves  ; si, 
scar  of  attachment  of  last  year’s  leaves  ; so, 
brown  covering  scales. 


the  bud. 

Buds  of  In  a Plane,  the  buds  are  found  inside  the  leaf- 
Plane.  stalk,  for  at  the  base  of  each  winter  bud  there  is 
a little  ridge,  which  extends  all  round  the  bud.  This  is  the 
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remains  of  the  leaf-stalk,  which  has  grown  all  round  the  bud, 
completely  enclosing  it. 

In  the  summer,  when  the  leaf  is  still  on  the  tree,  the  way 
in  which  it  protects  the  bud  is  best  seen.  The  leaf-stalk  has 
grown  out  all  round  the  bud,  and  has  become  hollowed  out 
to  form  a little  cap,  which  exactly  fits  over  the  bud.  In  the 
autumn,  when  the  leaf  falls,  the  bud  is  exposed,  and  then 
scales  protect  it. 


Figs.  20  anii  21. — Buds  of  Plank. 

20.  Winter  Bud.  21.  Summer  Bud,  Protected  by  Leaf-stalk. 

There  are  many  other  ways  in  which  buds  are  protected, 
as  Lord  Avebury  has  described  in  his  “Buds  and  Stipules.” 

The  buds  of  some  young  hardy  shrubs  and  trees  are  not 
protected  by  specially  developed  scales  ; in  this  case  they  are 
often  very  minute,  and  may  lie  hidden  under  the  bark. 

Abnormal  Under  certain  circumstances,  buds  are  neither 
Bud8,  apical  nor  axillary,  but  they  arise  from  any  part 
of  the  stem,  or  even  from  leaves.  Thus,  in  trees  which  have 
been  pollarded,  buds  may  arise  from  the  sides  of  the  trunk  • 
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ar,d  in  the  Begonia  a leaf  will  root  and  buds  will  be  produced 
on  the  blade.  Buds  of  this  kind  are  irregular  and  abnormal. 
Arrangement  ^ *s  interesting  to  see  how  leaves  are  arranged 
in  aeBudS  ™ & .bud  The  accompanying  figure  (22)  is  a 
drawing  of  a terminal  bud  of  the  Ash  cut  across 
and  drawn  from  the  microscope. 

On  the  outside  lie  the  four  outer  scales ; in  the  centre  are 
two  leaves,  opposite  to  each  other,  and  each  showing  seven 
,.  little  leaves.  At  right 

angles  to  these  are  two 
more  leaves,  each  also 
composed  of  seven  leaf- 
lets ; again,  at  right 
angles  to  these,  two 
more,  and  so  on.  Each 
leaflet  is  bent  on  itself, 
like  the  covers  of  a 
book.  In  the  section 
only  seven  leaflets  are 
seen,  although  the  leaf 
of  the  ash  consists  of 
eleven  little  leaves ; 
these,  lying  at  different 
levels,  will  not  all  be 
cut  through ; the  outermost  leaves,  for  the  same  reason,  show 
five  instead  of  seven  leaflets. 

With  this  may  be  compared  the  Horse-chestnut  bud,  which, 
being  very  large,  can  be  seen  without  the  microscope.  The 
terminal  bud  should  be  examined  early  in  March  before  it 
opens.  If  it  is  cut  across  about  the  middle,  the  outlines  of 
the  outer  brown  and  inner  green  scales  are  quite  clear ; then 
follow,  in  quite  a young  bud,  four  green  crescent-shaped  masses, 
forming,  as  it  were,  the  four  sides  of  a square.  With  the  help 
of  a lens  each  crescent-shaped  mass  is  seen  to  be  a foliage 
leaf,  and  in  a slightly  older  bud  seven  leaflets  can  be  made 
out,  all  being  packed  in  layer  upon  layer  of  wool.  Within 
these  are  the  flowers,  pinkish  in  colour.  If  the  outer  scales 


Fig. 


22. — Tkansvehse  SectiuN  ok  JLek- 
minal  Bud  of  Ash. 
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and  the  wool  attached  to  the  leaves  are  carefully  removed, 
the  way  in  which  each  leaflet  is  bent  on  itself  is  seen  ; it  is 
folded  like  the  leaves  of  a book,  as  in  the  Ash.  It  entirely 
depends  on  the  state  of  development  of  the  bud  how  many 
leaves  can  be  detected,  for  it  must  be  remembered  that  the 
growing  point  in  the  bud  is  continually  producing  new  leaves. 

The  separate  leaves  in  a bud  may  be  bent  or  folded,,  or 
they  may  be  rolled.  In  the  Ash,  the  two  halves  of  the  leaf  are 
merely  folded  on  each  other  (Fig.  22)  ; in  the  Sycamore,  the 
leaf  is  thrown  into  plaits,  and  is  therefore  said  to  be  plicate 
(Lat.  plicare,  to  fold).  In  Apricot,  the  leaf  is  rolled  from  one 
edge  to  the  other,  so  that  one  mai’gin  is  inside,  the  other  out- 
side ; this  is  described  as  convolute  (Lat.  con  and  volvo,  to  roll). 
The  two  margins  of  the  leaf  may  be  rolled  inwards,  as  in  the 
Violet,  and  the  leaf  is  then  involute,  whilst  in  the  Dock  they 
are  rolled  outwards,  and  the  leaf  is  therefore  revolute.  In 
Ferns,  the  leaf  is  rolled  from  top  to  bottom  lengthwise,  and  is 
said  to  be  circinate,  from  its  resemblance  to  a crozier. 

As  many  buds  as  possible  should  be  examined  and  drawings 
made  of  them,  in  order  to  get  some  idea  of  the  great  variety 
or  arrangement  of  leaves  in  the  bud. 
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CHAPTER  IV 

STEMS 


Stems  com-  ^ave  a^reac^y  noticed  in  the  seed  the  young 
pared  with  stem  hearing  leaves.  This  is  the  most  striking 
Roots.  characteristic  of  stems  as  compared  with  roots. 
Leaves  always  come  off  lateral!}^  and  are  dissimilar  in 
appearance  to  the  stem ; a root,  it  is  true,  does  have  lateral 
outgrowths,  but  these  always  resemble  the  root  and  are  not 
entirely  different  in  appearance  from  it,  as  the  leaf  is  from  tbe 
stem. 

Again,  when  a stem  branches,  the  branch  is  formed  from  the 
outer  portion  of  the  stem,  not  from  the  inner  part  as  in  the 
root.  Branches  are  therefore  said  to  arise  exogenously  in  the 
stem  and  endogenously  in  the  root. 

Lastly,  the  apex  of  a stem  always  consists  of  a bud,  whilst 
the  apex  of  the  root  is  occupied  by  the  root-cap. 


TABLE  OF  COMPARISON. 


STEMS. 

!.  Bear  leaves. 

2.  Branches  formed  exogen- 

ously. 

3.  Apex  consists  of  bud. 


ROOTS. 

Never  bear  leaves. 

Branches  formed  endogen 
ously. 

Apex  consists  of  root-cap. 


Some  stems  do  not  come  up  above  ground,  but 
Stems  distinct  these  may  be  distinguished  from  roots  by  noting 
from  Roots,  f0][0Wjng  details  : 

1.  Whether  the  underground  structure  consists  of  nodes  and 

internodes.  . 

? . Whether  it  bears  scales,  or  anything  answering  to  leaves. 

8.  Whether  it  forms  buds. 
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The  stem  of  Solomon’s  Seal,  or  Scirpus,  shows  these  points 


of  structure  very 
well.  It  does  con- 
sist of  nodes  and 
internodes  ; it  bears 
brown  scales  ; it 
gives  off  roots  at  the 
nodes,  and  forms 
buds ; therefore,  it 
is  a stem,  not  a 
root. 

The  structure  of 
the  bulb,  corm  of  cro- 
cus, tuber  of  potato, 
shows  that  they,  too, 
are  all  of  the  nature 
of  stems. 


Fig.  23.— Undeegeound  Stem  op  Soiepus. 

n,  node  ; int,  internode  ; c.sc,  covering 
scales  ; r,  roots  ; bd,  bud  ; ae,  aerial  shoot. 


structure  The  bulb  of 
of  Bulb.  a tulip  or 

hyacinth  is  covered  with 
brown  scale,.  When  these 
are  taken  off  there  are 
numbers  of  thick,  white, 
fleshy  scales,  arranged  one 
over  the  other.  Within 
these  are  the  floral  leaves. 
AU  these  leaves  are  borne 


Fig.  24. — Bulb  op  Tulip,  Longi- 
tudinal Section. 

$/,  stem  portion  ; r,  roots  ; c.sc,  brown 
covering  scales ; sc.l,  white  fleshy  scales  ; 
ft,  foliage  leaves  ; /lor,  floral  leaves. 


by  a flattened  portion,  the 
stem. 

A corm 


structure 
of  Corm. 


which  is  begin- 


ning to  form 
shows  the 
parts : 

1.  Roots 


the  flower 
following 


springing  from 

the  circumference  on  the  underside. 

2.  A few  covering  scales,  which  are  found  to  be  attached  to 

3.  A solid  white  portion,  the  stem. 
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4.  The  bud  arises  in  the  axil  of 
similar  brown  scales  at  the  top  of  the 
stem,  and  consists  of 

( a ) a succession  of  sheathing 

leaves  ; 

(b)  a few  green  leaves  ; 

(c)  floral  leaves  enclosed  in  the 

sheath. 

Generally  a conn  bears  many  buds, 
and  the  previous  year’s  corm,  very 
much  shrunk,  often  remains  attached 
to  its  under  surface  (see  pp.  1 1 9, 1 20). 

A tuber  arises  as  a 
swelling  on  a branch, 


Tuber  of 
Potato. 


Tig.  25. — Corm  op  Crocus, 
Longitudinal  Section. 
c,  corm  of  previous  year  ; 
r,  roots  ; at,  stem  ; c.sc, 
covering  scales  ; sh.l,  sheath- 
ing leaves  ; jl,  green  leaves ; 
Jlor,  floral  leaves. 


which  is 
formed  in 
the  axil  of 
the  leaf,  but 
makes  its 
way  under- 
ground. If 


this  underground  structure  be  made 
to  grow  in  the  light,  it  will  bear 
ordinary  green  leaves  and  produce 
no  tubers.  The  tuber  bears  on  its 


Fig.  26.— Tuber  op  Potato. 
e,  eyes ; sc.l,  scaly  leaf  ; ae,  aerial  shoot. 


Fig.  27.  — Seedling  op 
Potato. 

t,  tuber  ; c,  cotyledon  ; tit, 
stem  ; Jl,  foliage  leaves  ; rt, 
root  system. 
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surface  buds,  the  so-called  “ eyes,”  each  situated  in  a minute 
scale-leaf ; these  buds  will  under  certain  circumstances  sprout 
and  give  rise  to  a potato  plant.  It  is  clear,  therefore,  that  a 
tuber  is  a stem. 

Food  is  stored  in  the  tuber  in  the  form  of  starch. 

Aerial  Stems  which  come  up  above  ground  are  said  to 

stems.  aerial,  in  order  to  distinguish  them  from  those 

which  are  underground.  Aerial  stems  may  grow  straight 
upright ; or  they  may  begin  by  being  upright,  and  then  their 
upper  part  may  curve  and  trail  along  the  ground ; or  they 
may  creep  along  the  ground,  rooting  as  they  go. 

The  runner  of  the  strawberry  is  an  example  of  a creeping 
branch  of  a stem,  which  takes  root  at  its  nodes,  where  leaves 
are  also  given  off,  thus  producing  a new  plant. 

Some  stems  are  both  subterranean  and  aerial ; this  is  the 
case  in  the  sucker,  so  well  known  in  the  raspberry.  It  arises 
from  the  stem  below  the  ground,  pursues  a horizontal  course 
for  some  way, 
then  comes  above 
ground,  and 
finally  becomes 
an  independent 
plant. 

By  means  of 
underground 
stems,  runners, 
suckers,  etc., 
plants  propagate 
themselves  inde- 
pendently of  seed. 

Herbs,  I he 
Shrubs, Trees,  stems 

of  some  plants 
never  become 
woody,  but  after 
a year’s  growth 
die  down  to  the  earth  ; these  are  usually  green,  and  plants 


i io.  28. — Transvkk.sk  Section  ok  Branch  ok 
Laburnum,  showing  Kings  ok  Wood. 
b,  bark  ; s,  sap-wood  ; h,  heart-wood. 
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with  such  stems  are  described  as  herbs.  When  a stem 
becomes  woody,  it  usually  forms  a shrub  or  tree  These 
stems  generally  increase  in  thickness  every  year  owing  to  the 
growth  of  the  wood.  If  a branch  of  any  tree  is  cut  across,  it 
is  possible  to  count  the  rings  of  wood,  and  thus  to  tell  the 
age  of  the  tree,  for  the  growth  of  the  wood  formed  during 
the  autumn  is  closer  than  that  of  spring,  and  as  the  spring 
growth  of  one  year  comes  next  the  autumn  growth  of  the 
previous  year,  distinct  rings  are  formed.  The  younger  wood 
is  on  the  outside,  and  as  it  is  permeated  with  sap,  it  is  known 
as  sap-wood,  whilst  the  inner  wood  is  harder  and  is  called 
heart- wood.  This  is  very  well  seen  in  the  Laburnum,  of  which 
a drawing  is  given  in  Fig.  28. 

In  the  Natural  History  Museum  at  South  Kensington,  there 
is  a section  through  the  trunk  of  a tree  which  was  more  than 
500  years  old  when  it  was  cut  down.  Oaks  have  been  known 
to  reach  1,500  years  ; Yews,  3,200  ; whilst  a tree  called  Adan- 
sonia,  a native  of  Cape  Vertl  Islands,  is  said  to  reach  5,000  years. 

Branching  The  branching  of  stems  is  closely  connected 

of  Stems,  with  the  position  of  the  leaves,  for,  as  we  have 
already  seen  (page  16),  buds  arise  in  the  leaf-axil.  If  the 
leaves  are  opposite,  the  branches  will  be  opposite  ; if  alternate, 
then  the  branches  will  be  alternate.  It  is  very  seldom,  how- 
ever, that  all  the  axillary  buds  develop  ; as  a rule  they  remain 
undeveloped  during  the  first  season,  then  the  following  spring 
some  of  them  grow  into  branches. 

It  is  interesting  to  notice  that  the  form  of  trees  to  a very 
»reat  extent  depends  on  which  buds  develop.  Thus  the 
Horse-chestnut  is,  on  the  whole,  low  and  Avide-spreading, 
whilst  the  Ash  is  tall  and  tapering,  yet  both  haA^e  opposite 
leaves  and,  therefore,  the  branches  Avill  be  opposite ; so  that 
at  first  sight  it  might  have  been  expected  that  these  two  trees 
Avould  have  been  more  or  less  alike  in  form.  In  the  Horse- 
chestnut,  hoAvever,  the  terminal  bud  develops  into  the  flower 
and  the  axillary  buds  into  the  branches ; as  soon  as  the 
terminal  bud  has  formed  a flower,  growth  in  the  upward 
direction  ceases  and  must  be  continued  by  the  axillary  buds. 
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The  tree  therefore  spreads.  Jn  the  Ash,  on  the  other  hand, 
the  terminal  bud  does  not  develop  into  a flower,  but  one  of 
each  pair  of  axillary  buds  becomes  the  flower;  consequently 
continued  growth  in  height  is  possible,  and  the  tree  is  tapering 
rather  than  broad. 

Modifica  The  branches  may  be  modified  into  spines,  as  in 
tions  of  the  Blackthorn  ; or  into  tendrils,  as  in  Virginia 
Branches.  Creeper.  When  examining  a plant  with  spines  or 
tendrils,  in  order  to  decide  whether  these  structures  are 
modified  branches  or  modified  leaves,  it  must  be  carefully 
observed  whether  they  come  off  laterally,  as  leaves  do,  or  in 
the  angle  which  the  leaf  makes  with  the  stem.  In  the  black- 
thorn, the  spines  or  thorns  are  all  branches;  in  gorse,  some 
are  branches,  others  represent  leaves. 

A spine  or  thorn  must  not  be  confused  with  a prickle.  The 
so-called  “ thorns  ” of  a rose-bush  are  prickles ; they  differ 
from  thorns  in  not  being  developed  in  any  particular  order, 
and  as  far  as  their  origin  is  concerned  they  may  rather  be 
compared  with  hairs.  They  are  not  modifications  of  branches, 
as  the  thorn  is. 

Climbing  The  Hop  and  Kidney-beans  are  plants  which 
stems.  climb  bv  means  of  stems.  Darwin  has.described  his 
experiments  on  the  hop.  He  found  that  the  first  two  or 
three  internodcs  of  a young  hop  plant  were  quite  straight; 
the  fourth  was  the  first  that  began  to  revolve,  at  first  slowly, 
taking  twenty-four  hours  to  make  one  revolution ; then 
gradually  it  went  faster,  until  it  accomplished  the  ninth 
revolution  in  two  and  a half  hours.  He  found  that  in  the 
hop  three  internodes  revolved  at  the  same  time;  when  the 
oldest  of  these  three  became  too  stiff  from  age  to  go  on 
revolving,  the  next  youngest  internode  began.  In  many 
other  plants,  however,  only  two  internodes  revolve  together. 
Duriously  enough,  the  revolution  is  not  in  the  same  direction 
in  all  plants;  the  growing  tip  of  the  stem  of  hop  revolves 
from  right  to  left,  like  the  hands  of  a watch  ; so,  too,  does 
honeysuckle.  Kidney-beans  and  convolvulus  revolve  in  the 
opposite  direction. 
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Whilst  the  stem  is  revolving,  it  also  becomes  spirally 
twisted  on  its  own  axis.  The  Hop  twists  three  times  whilst 
making  thirty-seven  revolutions.  The  amount  of  twisting 
seems  to  depend  chiefly  on  the  nature  of  the  surface  up  which 
the  plant  is  climbing.  Darwin  allowed  Kidney-beans  to  run 
up  stretched  string  or  smooth  rods  of  iron  and  glass,  and 
found  that  they  were  much  less  twisted  than  when  they  had 
climbed  up  rough  uneven  sticks. 

Description  I*1  describing  a plant,  the  following  details 

of  Stems,  should  be  noticed  with  regard  to  the  stem  : 

1.  Kind. — (a)  Underground. 

(h)  Aerial,  herbaceous,  shrubby,  or  woody. 

2.  Direction. — Upright,  creeping  or  climbing. 

3.  Shape. — Square,  round,  angular. 

4.  Colour. 

5.  Branches  and  their  modifications,  spines,  etc. 

6.  Surface. — Smooth  or  hairy. 
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CHAPTER  V 

LEAVES 

The  poet-philosopher  Goethe  was  the  first  to  point  out  in 
1790  that  cotyledons,  bud  scales,  foliage  and  floral  leaves  are 
structures  of  the  same  nature,  for  they  stand  in  the  same 
Definition  of  relation  to  the  stem.  The  term  “leaf,”  in 

a Leaf.  botany,  includes  all  structures  other  than 
branches,  developed  as  lateral  appendages  of  the  stem,  how- 
ever unlike  they  may  be  in  appearance. 

The  first  leaves  of  the  plant  are  the  cotyledons  ; 

Cotyledons.  k]iese  are  a|wayS  different  in  shape  from  the  foliage 

leaves  which  follow.  Those  of  mustard  are  kidney-shaped, 
whilst  the  foliage  leaves  are  very  deeply  divided.  Sycamore 
has  two  narrow  blade-like  cotyledons  whilst  the  leaf  is  broad 
and  spreading.  Lord  Avebury  thinks  that  the  shape  of  the 
seed  has,  on  the  whole,  the  greatest  influence  in  determining 
the  shape  of  the  cotyledons,  but  many  other  factors  have  to 
be  taken  into  consideration  ; for  instance,  the  presence  or 
absence  of  food  material,  as  this  affects  the  amount  of  room 
left  in  the  seed  for  the  cotyledons,  and  therefore,  the  way  in 
which  they  are  folded. 

Some  seeds  have  only  one  cotyledon ; for  example,  maize, 
wheat,  date.  Plants  with  only  one  cotyledon  form  the  large 
group  known  as  Monocotyledons  ; those  with  two  cotyledons 
are  called  Dicotyledons. 

Covering  Covering  leaves  include  bud  scales  and  bracts. 

Leaves,  The  former  have  already  been  sufficiently  de- 
scribed (Chapter  III.).  Br&cts  are  the  leaves  on  the  flower- 
stalk  ; they  may  enclose  a single  flower,  as  in  snowdrop  ; or 
a group  of  flowers,  as  in  arum.  They  vary  very  much  in 
shape ; sometimes  they  are  sheath-like,  as  in  crocus ; some- 
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times  the}^  resemble  narrow  foliage  leaves,  arranged  in  whorls 
and  completely  enveloping  the  flower,  as  in  daisy.  The  term 
involucre  (Lat.  involucrum,  a wrapper)  is  applied  to  bracts  which 
thus  surround  the  flower.  In  hedge  parsley,  the  bracts  forming 
the  involucre  are  thin,  narrow,  and  green;  in  the  oak,  the  invo- 
lucre is  cup  like,  forming  the  well  known  acorn  cup  In  wood 
anemone,  the  bracts  of  the  involucre  are  easily  mistaken  for 
foliage  leaves ; but  the  time  foliage  leaves  are  borne  by  theunder- 
ground  stem,  and  the  leaves  on  the  flowering  stem  are  bracts. 

Foliage  If  foliage  leaves  arise  from  the  base  of  the  stem, 

Leaves.  or  from  a root-stock,  they  are  described  as  radical ; 
if  from  the  whole  length  of  the  aerial  stem,  as  cauline.  Foliage 
leaves,  borne  by  the  aerial  stem,  are  arranged  according  to  two 
main  types:  spiral  and  whorled.  When  leaves  cc.me  off'  singly 
at  the  nodes,  the  arrangement  is  spiral ; when  two  or  more 
leaves  come  off  at  a node,  the  arrangement  is  whorled.  The  best 
way  of  forming  an  accurate  idea  of  the  spiral  arrangement  is 
to  examine  a succession  of  plants ; for  example,  rose,  almond, 
golden  rod,  dead-nettle.  In  rose  it  will  be  found  that  the 
sixth  leaf  is  the  one  which  comes  exactly  above  the  first ; the 
seventh  above  the  second  ; and  so  on.  If  now  a piece  of 
twine  is  fixed  to  the  first  leaf,  and  passed  over  the  bases  of 
the  intervening  leaves  until  the  sixth  is  reached,  the  twine 
will  have  passed  round  the  stem  twice.  The  leaves  being 
exactly  at  an  equal  distance  from  each  other,  it  follows  that 
twice  the  circumference  of  the  stem  divided  by  the  number  of 
leaves  will  give  the  distance  of  one  leaf  from  the  other.  In 
this  case  each  leaf  is  separated  from  the  succeeding  one  by 
'i  of  the  stem.  This  is  known  technically  as  the  divergence  of 
leaves.  In  almond,  the  divergence  is  f ; in  golden  rod,  Tss ; 
in  dead-nettle,  £.  The  denominator  denotes  the  number  of 
leaves  between  those  which  lie  exactly  above  each  other ; the 
numerator,  the  number  of  times  the  twine  must  be  passed 
round  the  stem  before  the  leaf,  which  is  exactly  above  the 
one  to  which  it  is  attached,  will  be  reached. 

Leaves  which  are  spirally  arranged  are  described  as  alter- 
nate ; those  arranged  in  whorls  are  described  as  opposite,  if 
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onl}7  two  come  off  at  the  same  node,  and  whorled  if  more  than 
two  come  off  together. 

Arrangement  The  arrangement  of  leaves  is  to  some  extent 
of  Leaves  connected  with  the  kind  of  root.  1 hose  plants, 
wZIhape  like  rhubarb,  which  have  tap  roots  that  occupy 
of  Roots,  but  a small  snace  have  leaves  that  turn  inwards, 
so  that  the  water  which  they  collect  passes  down  to  the  centre 
of  the  plant.  On  the  other  hand,  in  plants  that  are  much 
branched  and  have  spreading  leaves,  the  watershed  is  such 
that  water  passes  to  the  circumference  of  the  area  to  which 
the  fibrous  roots  extend,  and  then  it  is  absorbed  by  the  root 
hairs.  Thus,  in  a slight  shower,  it  is  possible  to  be  quit? 


Fig.  29. — Compound,  Digitate  Leaf  of  Lupine. 

I,  lamina ; p,  petiole  ; sh,  sheath  ; si,  stipules. 

sheltered  if  walking  under  trees,  for  the  water  drips  from  one 
leaf  to  the  next  below,  until  the  outermost  and  lowest  leaves 
are  reached,  and  thei?  it  falls  to  the  ground ; the  area  that 
remains  dry  is  that  occupied  by  the  roots, 
structure  of  a A foliage  leaf  usually  consists  of  (1)  a sheath; 
Foliage  Leaf.  (2)  a stalk  ; (3)  a blade. 

In  many  leaves  the  sheath  has  lateral  outgrowths,  known 
as  stipules.  These  are  sometimes  very  small,  although  occa- 
sionally they  are  very  conspicuous  ; thus,  in  a species  of  pea 
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(Lathynis  aphaca),  they  perform  the  function  of  the  blade  of 
the  leaf,  which  is  undeveloped  (Plate  I.,  Fig,  33). 

In  woodruff,  the  stipules  are  also  blade-like  and  similar  to 
the  true  leaves,  which  bear  their  branches  in  their  axils  and 
are  thus  distinguished  from  the  stipules.  The  function  of 
stipules  varies  with  their  form  ; when  blade-like  and  green, 
they  often  perform  the  work  of  foliage  leaves  and  help  feed 
the  plant.  In  some  cases  they  protect  young  buds,  and  drop 
off  when  the  leaves  unfold. 

The  leaf-stalk,  or  petiole,  is  not  always  present.  If  absent, 
the  leaf  is  described  as  sessile ; if  present,  as  pctiolate.  The 
petiole  is  often  modified;  thus  in  Lathyrus  aphaca  (Fig  33;  it 
is  developed  into  a tendril  by  means  of  which  the  plant  climbs. 
Clematis  also  climbs  by  means  of  its  petioles,  which  intertwine 
with  other  leaves  of  adjoining  branches  of  clematis,  or  with 
blackberry  stems,  covering  our  hedges  in  autumn  with  a dense 
growth.  Nasturtium  ( Trcrpceolum ) also  climbs  by  means  of  its 
petioles. 

The  leaf-substance  of  the  blade,  or  lamina,  is  traversed  by 
veins.  If  the  leaf  of  a grass  or  hyacinth  be  compared  with 
that  of  a violet,  it  will  be  noticed  that  the  veins  of  the  leaf 
are  very  differently  arranged.  In  the  hyacinth  they  are 
parallel  to  each  other,  an  arrangement  characteristic  of  Mono- 
cotjdedons ; in  the  violet  they  branch  out  from  the  central 
vein,  called  the  midrib,  forming  a network  throughout  the 
leaf-substance.  This  arrangement  is  characteristic  of  Dicoty- 
ledons ; so  that  Monocotyledons  are  said  to  be  parallel-veined, 
Dicotyledons  net-veined. 

If  now  a sycamore  leaf  be  compared  with  that  of  lilac,  it 
will  be  seen  that  they  are  both  net-veined.  In  the  sycamore, 
however,  the  main  veins  spring  from  the  same  point,  spreading 
out  like  the  fingers  of  a hand;  the  venation  is,  therefore, 
palmate  (Lat.  palma,  a palm).  In  the  lilac,  on  the  other 
hand,  the  veins  branch  out  from  the  midrib,  which  runs  the 
whole  length  of  the  leaf  ; this  venation  is  pinnate  (Lat.  pinna , 
a feather). 

The  blade  of  a leaf  varies  very  much  in  shape.  It  may  be 
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Fig  30. — Barberry,  showing  Leavks  modified  into  Thorns 
or  Spines. 

Fig.  81. — Simple  divided  Leaf  of  Geranium  Pratensk. 

Fig.  32. — Pinnately  compound  Leaf  of  Sweet  Pea. 

p,  petiole  ; t,  tendrils  (modified  leaflets). 

Fig.  33. — Leaf-like  Stipules  of  Lathyrus  Aphaca. 

st,  stipule ; p,  petiole  modified  into  tendril. 
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of  the  same  breadth  throughout  almost  its  entire  length,  as  in 
grasses  ; or  such  a leaf  may  terminate  in  a sharp  point  like  a 
needle,  as  in  Scotch  fir.  It  may  be  broadest  in  the  middle, 
tapering  gradually  towards  both  base  and  apex,  as  in  wall- 
flower; or  its  lower  half  may  be  broadest,  as  in  lilac;  or  again, 
it  may  be  broadest  at  its  apex,  as  in  daisy.  Sometimes  the 
blade  of  the  leaf  is  hollowed  out  at  its  base  into  two  rounded 
lobes,  whilst  the  apex  is  pointed ; the  leaf  is  then  heart- 
shaped  The  opposite  of  this  is  seen  in  the  leaflet  of  the 
wood-sorrel,  where  the  base  is  pointed  and  the  apex  lobe-like. 
In  ground  ivy,  the  apex  is  convex  and  the  base  concave ; the 
leaf  is  then  kidney-shaped. 

The  margin  of  the  blade  may  be  indented,  forming  fine 
teeth  pointing  towards  the  apex ; it  is  then  said  to  be  serrate 
(Lat.  serra,  a saw) ; if  the  teeth  are  coarser  and  point 
irregularly,  the  margin  is  dentate  (Lat.  dens,  a tooth)-;  if  the 
indentations  are  rounded,  the  margin  is  crenate  (Lat.  rrena,  a 
notch) ; when  not  indented  at  all,  but  lying  perfectly  flat,  the 
margin  is  described  as  entire.  In  the  beech,  the  margin  bears 
delicate  hairs,  and  is  then  said  to  be  ciliate  (Lat.  cilium,  an 
eyelash). 


simple  and  some  Laves,  as  for  instance,  a species  of 

Compound  geranium  (Geranium  molle),  the  blade  of  the  leaf 
Leaves.  -g  n0^  cut  Up  ap  . jn  0thers,  as  j]ie  ^ -]s 

only  slightly  indented  ; whilst  in  some  others,  as  certain  of  the 
geraniums,  it  is  very  much  cut  up.  When  the  incisions  reach 
to  the  midrib,  the  leaf  is  described  as  compound  ; when  the 
incisions  do  not  reach  the  midrib,  the  leaf  is  still  simple, 
but  if  cut  up  it  is  described  as  simple  divided  (Plate  1., 
Fig.  31). 

Compound  leaves  consist  of  distinct  leaflets,  borne  by  a 
common  petiole  ; they  are  either  pinnate  or  digitate 
(Pig  29).  A compound  leaf  must  be  carefully  distinguished 
from  a stem,  bearing  leaves ; unlike  the  stem,  it  has  no  grow- 
ing point;  its  growth  is,  therefore,  limited.  It  has  no  buds 
in  the  axils  of  the  leaflets. 

It  is  interesting  to  notice  that  leaves  in  water  are  often 
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much  more  cut  up  than  ordinary  foliage  leaves.  An  example 
of  this  occurs  in  water  crowfoot,  where  the  leaves  above  the 
water  are  round  and  at  least  an  inch  in  diameter,  whilst  the 
leaves  in  the  water  are  narrow  and  filamentous. 

Modifica-  blade  of  a leaf  may  be  modified  into 

tions  of  tendrils  ; this  is  very  common  in  the  pea  family  ; 
Lamina.  tpUS)  m sweet,  pCa,  the  last  two  pairs  of  leaflets 
and  the  terminal  one  have  become  tendrils,  by  means  of  which 
the  plant  climbs  (Fig.  32).  In  some  few  instances  the  leaves 
may  become  spines ; this  is  well  seen  in  barberry,  where  the 
lower  leaves  are  foliaceous,  the  upper  ones  spiny  (Hate  I., 
Fig.  30). 

In  plants  which  feed  on  insects  the  blade  is  usually  fur- 
nished with  arrangements  for  entrapping  the  insect  and  for 
manufacturing  a juice  by  which  it  can  digest  the  insect.  In 
sundew  the  leaves  have  hairs.  As  an  insect  alights  on  the 
leaf,  it  curls  up,  the  hairs  serving  to  hold  the  insect;  each 
hair  has  at  its  tip  a little  gland,  which  makes  the  juice  that  is 
poured  out  on  the  insect. 

The  functions  of  foliage  leaves  will  be  dis- 
Functions  . . , . , 

of  Foliage  cussed  in  connection  with  the  physiology  of  the 

Leaves'  plant. 

Description  of  Foliage  Leaf. 

Position. — Piadical  or  cauline. 

Arrangement  on  Stem. — Alternate  opposite,  whorled. 

Petiole. — If  present,  the  leaf  is  petiolate. 

If  absent,  the  leaf  is  sessile'. 

Length  of  petiole  as  compared  with  length  of  lamina. 

Sheath.— Stipulate  or  ex-stipulate. 

Size  of  stipules. 

Lamina — 

(A)  Simple  (divided  or  undivided). — Compound. 

( h ) Venation. — Pinnate  or  palmate. 

(c)  Shape. — This  may  be  indicated  by  an  accurate  drawing. 

(cl)  Margin. — Entire  or  indented ; if  indented  serrate,  dentate, 
or  crenate. 

(e)  Apex.— Pointed  or  blunt ; rounded  or  hollowed  out. 

(/)  Surface.— Hairy  or  smooth. 

( g ) Modifications  of  Lamina.— Tendrils,  spines,  etc. 
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Floral  leaves,  namely  : sepals,  petals,  stamens,  carpels,  will 
be  described  in  the  next  chapter. 

Classification. 

Cotyledons  Covering  Leaves  Foliage  Leaves  Floral  Leaves 

I I I 

I I I I I I 

Bud  Scales  Bracts  Simple  Compound  Sepals  Petals  Stamens  Carpeii 

' I 

I ' , I I 

Pinnate  Palmate  Pinnate  Digitate 
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CHAPTER  VI 

THE  FLOWER 

A Flower,  fl°wer  °f  a buttercup  is  examined,  it  will  be 

a Modified  seen  to  consist  of  four  sets  of  leaves,  arranged  on 
a central  stem ; this  stem  is  the  apex  of  the  flower 
stalk,  and  is  called  the  receptacle.  The  leaf,  in  the  axil  of 

which  the  flower  stalk 
is  situated,  is  a bract ; 
it  is  not  always  pre- 
sent. A flower  is  thus 
a modified  shoot,  differ- 
ing from  the  ordinary 
foliage  shoot  already 
described  as  having  : 

1.  Very  short  inter- 
nodes. 

2.  No  buds  in  the  axils. 
Fig.  34. — Vertical  Section  of  Buttercup.  3.  Leaves  frequently 

rc,  receptacle;  s,  sepals;  p,  petals;  ci,  whorled  and  specially 
stamens  ; c,  carpels.  modified  for  the  produc- 

tion of  seed. 

Floral  The  outermost  leaves  of  the  flower  are  called 
Leaves,  sepals , and  together  form  the  calyx  or  cup,  in 

which  the  rest  of  the  flower  is,  as  it  were,  contained.  This  is 
best  seen  in  the  bud  where,  as  in  poppy,  the  calyx  forms  a 
complete  covering  for  the  other  floral  leaves  and,  as  soon  as 
the  flower  opens,  drops  off 

The  next  leaves  are  the  petals,  forming  the  corolla.  The 
calyx  and  corolla  are  not  essential  for  the  development  of 
fruit  and  seed,  and  are  often  absent,  especially  in  the  flowers 
of  trees. 

The  essential  leaves  of  a flower  are:  (1)  the  stamens , the 
third  whorl  of  leaves,  and  (2)  the  caipels,  the  innermost  leaves. 
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These  are  not  necessarily  both  present  in  the  same  flower, 
although  they  often  are.  In  the  hazel,  the  stamens  are  alone 
present  in  the  catkin  flowers  (lambs’-tails),  whilst  the  carpels 
are  in  other  flowers  on  the  same  branch  (Plate  III., 
Fig.  58). 

Some  plants  have  flowers  which  bear  only  stamens,  the 
carpels  being  not  only  in  a separate  flower,  but  on  a different 
plant,  as  in  the  willow  (Plate  III.,  Figs.  55,  56). 

The  stamens  together  form  the  androccium,  the  carpels  the 
gymecium,  or  pistil.  The 
stamens  produce  pollen  and 
the  carpels  bear  little,  white 
bodies,  the  ovules,  which 
eventually  form  seeds.  The 
only  parts  of  a flower  essen- 
tial for  the  production  of 
fruit  and  seed  are  the  stamens 
and  carpels. 

The  A comparison  ol 
calyx.  different  flowers, 
such  as  the  buttercup,  violet, 
larkspur,  marsh  marigold, 
sweet  pea,  shows  that  the 
calyx  and  corolla  are  of  very 
great  variety.  The  calyx  is  usually  green. 


Fig.  35.— Transverse  Section  of 
Bud  of  Tulip. 

k,  calyx  ; c,  corolla  ; a,  anthers  ; 
g,  gynsecium. 


Sometimes,  as  in 
the  primrose,  the  sepals  are  joined  to  each  other,  forming  a 
tube ; very  often,  as  in  the  buttercup  and  wallflower,  they  are 
free.  As  a rule,  the  sepals  are  small  and  insignificant  com- 
pared with  the  petals ; but  sometimes  they  are  the  most 
conspicuous  part  of  the  flower,  as  in  the  marsh  marigold,  globe 
flowe?,  Christmas  rose,  larkspur.  In  these  the  corolla  is  either 
absent  or  very  much  reduced,  and  the  calyx  performs  some  of 
the  work  of  the  corolla;  it  attracts  insects.  Again,  in  many 
flower-heads,  composed  of  a number  of  little  flowers,  as  the 
dandelion,  the  sepals  are  merely  hairs  which  serve  as  organs  of 
dispersion  for  the  fruit,  the  flowers  being  protected,  not  by 
the  calyx,  but  by  the  involucre  of  bracts  (Plato  V.,  Fig.  89) 
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The  4 he  corolla  is  generally  the  most  conspicuous 

Corona.  part  0f  tpe  flower.  it,s  colour  is  of  great  impor- 
tance in  connection  with  the  visits  of  insects  to  the  flower. 
(See  Chapter  IX.)  In  many  flowers  the  petals  are  similar 
to  each  other,  as  in  the  buttercup,  wallflower,  geranium ; the 
flower  is  then  said  to  be  regular.  In  others,  the  petals 
differ  from  each  other  : one  may  form  a spur  which  con- 
tains honey,  as  in  the  violet ; or  a petal  may  be  specially 
developed  to  form  a resting-place  for  the  insect  when  it 
visits  the  flower,  as  the  lower  lip  of  the  dead-nettle.  Such 
corollas  are  described  as  irregular,  and  the  irregularity  is 
usually  connected  with  insect  visits.  Irregular  corollas  are 
described  in  connection  with  the  Orders  to  which  they  belong, 
in  Part  II. 

The  petals  forming  the  corolla  may  be  joined  to  each  other, 
or  they  may  be  free. 

p ^ The  term  perianth  (Gk.  peri,  round ; anthos,  a 
flower)  denotes  the  two  outer  whorls  of  floral 
leaves,  which  envelop  the  essential  leaves,  the  stamens  and 
carpels  It  is  used  in  describing  a flower,  in  which  the  calyx 
and  corolla  are  very  similar  in  appearance,  either  all  petal-like, 
as  in  the  snowdrop  and  hyacinth  ; or  all  sepal-like,  as  in  many 
flowers  of  trees. 

The  essential  leaves  of  a flower  are  the  stamens 

The 

Andrcecium  ail(^  carpels,  for  from  them  the  seed  is  developed, 
and  A stamen  consists  of:  (1)  a stalk  or  filament; 

Gynsecium.  ^ an  anther_  Stamens  are  usually  free,  not 

joined  to  each  other  ; in  the  sweet  pea  and  mallow  the  fila- 
ments are  united,  forming  a tube,  and  in  the  daisy  the  anthers 
are  united.  The  anther  is  attached  to  the  filament  in  various 
ways.  When  the  filament  passes  up  between  the  two  halves 
of  the  anther,  as  in  the  snowdrop,  the  anther  is  said  to  be  actuate 
(Lat.  ad,  to  ; nasurr,  to  be  born);  when  the  anther  is  jointed  at 
the  bottom  to  the  filament,  it  is  innate,  as  in  the  wallflower 
Some  anthers,  for  example,  those  of  the  lily,  are  joined  in  the 
middle,  and  thus  swing  on  their  filaments,  and  the  attachment 
of  the  anther  is  then  described  as  versatile  (Lat.  versa,  to  turn). 
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Lastly,  the  anther  may  be  attached  by  the  top  to  the  filament 
and  then  hang  down  ; in  this  case  it  is  pendulous. 

If  an  anther  is  cut  across  and  examined  with  a hand  lens, 
it  is  seen  to  consist  of  two  parts,  exactly  similar  to  each  other, 
and  connected  together  by  a continuation  of  the  filament  (the 
connective).  (See  Figs.  35  and  65,  c.)  Each  half-anther 
contains  two  bags,  or  pollen-sacs,  in  which  pollen  grains, 
varying  in  size  and  shape  in  different  flowers,  are  developed. 
When  ripe,  the  anthers  open  or  dehisce  to  let  out  the  pollen, 
either  by  a longitudinal  slit,  or  by  pores  at  their  apex  (as  in 
many  heaths),  or  by  valves.  Occasionally  they  dehisce  trans- 
versely. When  the  dehiscence  takes  place  towards  the  inside 
of  the  flower,  it  is  described  as  introrse  (Lat.  introrsus,  turned 
in) ; when  on  the  outer  side  of  the  anther,  as  extrorse  [ex,  out). 
Pollen  has  very  much  the  appearance  of  fine  yellow  dust,  and 
is  usually  taken  by  the  wind  or  insects  from  one  flower  to 
another.  (See  Chapter  IX.) 

The  carpels  are  floral  leaves  which  bear  the  ovules  generally 
on  their  edges.  The  ovules  develop  into  seeds,  structures 
which  are  formed  only  in  plants  that  produce  flowers.  In 
the  pea,  the  gynsecium  consists  of  but  one  carpel,  the  two 
edges  of  which  unite  to  each  other  to  form  the  chamber 
occupied  by  the  ovules,  and  therefore  called  the  ovary.  In 
order  to  understand  the  formation  of  the  ovary  from  a single 
sarpel,  the  two  edges  of  a foliage  leaf  may  be  sewn  or  pinned 
together;  a chamber  is  then  formed.  Bearing  in  mind  that 
a carpel  is  a leaf,  and  remembering  that  a foliage  leaf  has  a 
midrib  running  down  the  middle,  it  will  be  clear  that  hen  a 
carpel  has  joined  by  its  edges,  the  midrib  of  the  carpel  will  be 
opposite  the  side  where  the  margins  have  united  This  is 
clearly  seen  in  the  pod  (Plate  IV.,  Fig.  71). 

The  flower  of  a buttercup  consists  of  many  carpels,  about 
thirty  The  margins  of  each  carpellary  leaf  unite  to  form  an 
ovary,  as  in  the  sweet  pea,  so  that  in  the  buttercup  the  carpels 
ire  free,  not  united  to  each  other,  and  there  are  as  many 
ovaries  as  there  are  carpels.  (See  Fig.  34.) 

In  many  flowers,  however,  the  margin,  f the  carpels  are 
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Jill*.  So." — TRANSVERSE 

Section  of  Ovary  of 
V IOLET  (diagrammatic), 
c,  carpels  ; p,  placenta  ; 
0,  ovules. 


not  free,  but  unite  with  eacli  other,  as  in  the  violet.  When 
the  gynaecium  of  the  violet  is  cut  across,  the  ovary  is  seen  to 

be  a single  chamber;  but  it  is  clear 
that  three  carpels  have  united  to  form 
it,  for  the  ovules  inside  ar^  arranged 
in  three  groups. 

With  the  violet  may  be  compared 
the  hyacinth  or  tulip,  which  also  has 
three  carpels,  but  their  mode  of  union 
is  different  from  that  of  the  violet. 
The  carpels  have  not  only  united  to 
each  other,  but  their  edges  have  bent 
in,  thus  dividing  the  ovary  into  a three- 
divisioned  chamber.  (See  Fig.  35.) 
This  may  be  realized  by  taking  three  foliage  leaves  and 
sewing  the  edge  of  one  to  the  edge  of  the  second,  the  other 
edge  of  the  second  to  the  edge  of  the  third,  and  the  other 
edge  of  the  third  to  the  remaining 
edge  of  the  first ; then  these  edges 
which  have  been  sewn  together  should 
be  bent  inwards  until  they  touch  each 
other  in  the  middle,  and  then  a three- 
divisioned  chamber  will  be  seen. 

It  follows  therefore,  that  an  ovary 
may  be  formed  of  two,  three,  or  more 
carpels,  and  still  be  only  one-chambered. 

It  depends  entirely  on  whether  the 
carpels  have  just  united  by  their  edges, 
or  whether  they  have  also  bent  in  to 
form  partitions ; in  the  latter  case, 
there  will  be  as  many  divisions  of  the 
ovary  as  there  are  carpels. 

An  ovary  may  now  be  defined  as  a 
chamber  formed  by  the  union  of  the 
margins  of  one  or  more  carpels.  It  may  be  one-,  or  more- 
chambered,  according  to  the  number  of  carpels  which  help  to 
form  it  and  the  mode  of  their  union  with  each  other. 


AM  J 

t'lG.  37.— Gynaecium  of 
Mallow. 

st,  style  ; sg,  stigmas  ; 
ov,  ovary. 
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The  simplest  form  of  gynascium  usually  consists  of:  (1)  an 
ovary,  (2)  a style,  (3)  a stigma 
or  stigmas. 

If  three  foliage  leaves  are 
sewn  together,  as  described 
above,  it  will  be  seen  that 
there  are  three  apices  or  ends ; 
these  represent  the  extreme 
tips  of  the  carpels,  called 
stigmas,  which  are  connected 
with  the  ovary  by  short  stalks 
or  styles.  The  styles  may 
remain  free,  as  in  the  Cam- 
pions ; or  they  may  be  united 
up  to  the  top,  the  stigmas 
being  distinct,  as  in  the  dead- 
nettle  and  dandelion,  where,  although  the  styles  are  united, 
two  stigmas  are  Mainly  seen.  The  number  of  styles  or 
stigmas  should  always  be  noticed,  as  it  is  a help  in  deter- 
mining the  number  of  carpels.  The 
surface  of  the  stigma  is  often  sticky, 
as  in  Orchids,  or  it  may  be  covered 
with  hairs,  which  help  to  keep  the 
grains  of  pollen  placed  on  the  stigma. 

The  edge  of  the  carpel  which  bears 
the  ovules  is  the  placenta,  and  the  mode 
of  arrangement  of  these  placentas  is 
known  as  placenlation.  In  the  violet, 
the  ovules  are  borne  by  the  walls  of  the 
ovary,  for  the  margins  of  the  carpels 
have  not  bent  inwards;  the  placentation 
is  then  said  to  be  parietal  (Lat.  paries,  a wall).  (Fig.  36.)  When 
the  edges  of  the  carpels  bend  in  and  meet  in  the  centre,  so 
that  the  ovules  arise  from  a placenta  in  the  centre,  as  in  the 
foxglove  (Fig.  38),  the  placentation  is  axile.  (See  also  Fig.  35.) 

These  are  the  two  main  types  of  placentation,  but  there  are 
modifications.  The  ovarv  of  a primrose,  when  cut  across, 


L 


Fig.  39.  — Transverse 
Section  of  Ovary  of 
Primrose. 

c,  carpels  ; p,  placenta, 
o,  ovules. 


Fig.  38. — Transverse  Section 
of  Ovary  of  Foxglove. 

c,  carpels  ; p,  placenta  ; o, 
ovules. 
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shows  the  ovules  attached  to  the  centre,  but  the  walls  of  the 
carpels  are  entirely  disconnected  with  the  placenta ; the 
placentation  is  then  described  as  free  central,  in  order  to 
distinguish  it  from  axile  placentation,  in  which  the  placenta 
is  connected  with  the  wall  of  the  ovary. 

In  the  sweet  pea,  the  ovules  are  borne  alternately  by  the 


sistent)  ; p,  wall  of  ovary  ; 
s<,  style  ; o,  basal  ovule. 

margins  of  the  carpel,  where  they  unite ; this  is  the  form  of 
parietal  placentation  known  as  marginal.  (Plate  IV.,  Pig.  71.) 

An  ovule  may  be  attached  to  the  floor  of  the  ovary,  as  in  the 
dock  (Fig.  40),  the  placentation  is  then  basal ; or  it  may  hang 
from  the  roof,  and  is  then  said  to  he  pendulous.  (See  Fig.  44.) 

In  one  group  of  Flowering  Plants  the  ovules  are  not  enclosed 
in  an  ovary,  but  are  naked  on  the  scales.  This  is  well  seen  in 
the  Scotch  fir  (Pinus). 


Fig.  40. — Dock  (Section 


Fig.  41.— Carpkllaky  Leaf 
of  Pinds. 

o,  ovule. 


of  Fruit). 

p.l,  perianth  leaves  (per- 
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CHAPTER  VII 

THE  FLOWER  ( continued ) 

The  Recep-  In  order  to  understand  the  structure  of  the 
tacle.  dower,  the  form  and  growth  of  the  receptacle 
must  be  carefully  examined.  If  the  sepals,  petals,  stamens, 
and  carpels  are  removed  in  a buttercup,  the  receptacle  is  seen 
to  be  conical-shaped  (Fig.  34),  and  it  is  clear  that  the  carpels 
are  uppermost,  the  stamens  being  attached  to  the  receptacle 
immediately  beneath  the  carpels,  the  petals  beneath  the 
stamens,  and  the  sepals  beneath  the  petals.  The  flower  is 
then  said  to  be  hypogynous  ( i.e .,  under  the  gy nsecium ; 
Grk:  hypo  = under),  a term  referring  especially  to  the  position 
of  the  petals  and  stamens.  The  calyx  is  described  as  inferior, 
because  below  the  petals  and  stamens,  and  the  gynsecium  as 
superior,  because  it  is  uppermost. 

This  is  the  way  in  which  all  flowers  begin  to  be  formed,  but 
the  growth  and  development  of  the  receptacle  often  alters  the 
relative  position  of  these  parts.  Sometimes,  as  in  the  rose, 
the  part  of  the  receptacle  below  the  tip  grows  more  rapidly, 
overtopping  the  tip,  thus  forming  a cup,  and  carrying  with  it 
the  sepals,  petals,  and  stamens ; the  carpels  being  borne  by 
the  apex  of  the  receptacle  are  at  the  bottom  of  the  cup.  The 
flower  is  then  said  to  be  perigynous  (G-lt.  peri  = round).  The 
gynsecium  is  still  described  as  superior  as  long  as  it  ±s  free 
from  the  receptacle,  and  not  united  to  it. 

In  some  flowers  the  sides  of  the  receptacle  unite  with  the 
walls  of  the  carpels,  the  sepals,  petals  and  stamens  being 
inserted  on  the  combined  receptacle  and  gynsecium. 

In  this  case  the  flower  is  described  as  epigynous  ('4k.  epi  = 
upon),  and  the  gynsecium  is  inferior.  Thus,  in  what  is  called 
an  inferior  gynsecium,  the  wall  of  the  receptacle  is  fused  with 
the  carpels;  in  ail  other  cases  the  gynsecium  is  superior.  It 
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is  important  to  bear  in  mind  this  use  of  the  words  superior 
and  inferior  as  applied  to  the  gyntecium. 


Fig.  42.— Yellow  Pim-  Fig.  43.  — Almond,  Fig.  44. — Cow  Par- 
pernel,  Vertical  Sec-  Vertical  Section,  snip,  Vertical  Sec- 
tion, Hypogynous  Perigynocs  Type.  tion.EpigynocsType. 

Type. 

k,  calyx  ; c,  corolla  ; a,  andrcecium  ; g,  gvnaecium  ; rc,  receptacle  (in 
Fig.  44  adnate  to  gynsecium) ; cl,  disc  ; st,  styles  ; o,  pendulous  ovule. 

Floral  The  relation  of  the  floral  leaves  to  each  other  is 
Diagrams,  usually  indicated  by  floral  diagrams.  These  may 
represent  the  flower  as  cut  transversely,  and  then  the  union 
or  non-union  of  the  parts  is  seen  ; or  they  may  represent  a 
median  vertical  section  of  the  flower,  and  then  the  relation 
of  the  sepals,  petals,  and  stamens  to  the  gyneecium  is  indi- 
cated. 

The  simplest  form  of  flower  is  one  in  which  each  whorl  has 
the  same  number  of  leaves,  which  alternate  successively  with 
each  other ; this  is  the  case  in  many  Monocotjdedons.  Such 
flowers  are  said  to  be  cyclic.  The  accompanying  figure 
represents  a typical  cyclic  flower  as  shown  in  transverse 
section. 

It  will  be  seen  : (1)  that  each  whorl  consists  of  three  leaves  ; 
(2)  that  the  sepals  alternate  with  the  petals,  the  petals  with 
the  stamens,  the  stamens  with  the  carpels- 
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Fig.  45. — Floral  Diagram 
op  a Cyclic  Flower 
(Tulip),  showing  Whorls 
op  Floral  Leaves  alter- 
nating WITH  EACH  OTHER. 


It  is  evident  that  such  a flower  may  be  divided  into  two 
equal  halves  in  several  planes,  for  a line  passing  through  the 
middle  of  any  one  petal  cuts  the 
flower  into  two  exactly  similar  parts. 

All  flowers,  however,  are  not  so 
simple  : sometimes  where  we  should 
expect  to  And  five  stamens,  only 
four  are  present.  In  cases  of  this 
kind  the  place  where  we  should 
expect  to  find  the  fifth  stamen  is 
sometimes  indicated  by  some  struc- 
ture ; thus,  in  the  figwort,  where 
oidy  four  stamens  are  present,  the 
position  of  the  fifth  is  indicated  by 
a distinct  scale.  (Fig.  123.) 

In  the  dead-nettle  the  fifth  stamen  is  also  absent,  but  the 
position  of  the  other  four  is  such  that  it  is  easily  seen  where 

the  fifth  would  be  if  it  were 

f ■ - — l 

not  suppressed.  (See  Fig.  130.) 

The  suppression  of  one  or 
more  parts  and  the  unequal 
growth  of  others  leads  to  differ- 
ences in  the  leaves  of  each  whorl, 
and  the  flower  is  therefore  irregu- 
lar. In  the  sweet  pea,  violet,  fox- 
glove, dead-nettle,  the  petals  are 
not  all  the  same  size  or  the  same 
shape  : the  corolla  is  irregular. 
Irregular  flowers  can  be  divided 
into  two  similar  halves  only  in 
one  plane.  A lint  passing 
through  the  flower  and  the  main 
stem  represents  the  median  plane 
of  the  flower;  a line  drawn  at  right  angles  to  that  the  lateral 
plane.  The  sweet  pea  and  violet  can  be  cut  into  two  equal 
halves  along  the  median  plane  alone ; this  is  the  usual  plane 
of  the  symmetry  of  the  flower. 


Fig.  46. — Floral  Diagram 
of  Violet,  Transverse 
Section,  Median  Plane 
Marked. 

The  dot  indicates  the  posi- 
tion of  the  stem. 
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Ihe  terms  posterior  and  anterior  are  used  by  botanists  to 
denote  the  exact  position  of  the  floral  leaves  with  regard  to 
the  stem ; the  side  of  the  flower  nearest  the  stem  is  the 
posterior  side,  that  furthest  away  the  anterior.  In  the  dead- 
nettle,  the  two  large  petals  forming  the  upper  lip  are  on  the 
posterior  side  of  the  flower ; the  spur  of  the  violet  is  on  the 
anterior  side,  for  it  is  furthest  away  from  the  main  stem  • 
the  large  overlapping  petal  of  the  sweet  pea  is  posterior. 


Description  of  Flower  of  Violet. 


Name 

of  Whorl. 

Number  Union 

OF  OF 

Leaves.  Leaves. 

Position 

on 

Receptacle. 

Remarks.- 

Calyx 

(sepals) 

5 

Free 

Inferior 

The  sepals  project 
beyond  the  point 
of  attachment ; 
the  two  anterior, 
sepals  allow  the 
spur  to  protrude 

Corolla 

(petals) 

5 

Free 

Hypogynous 

The  anterior  petal 
forms  a spur 

Androecium 

(stamens) 

5 

Free 

Hypogynous 

The  two  anterior 
stamens  have 

appendages  or 

nectaries,  which, 
fit  into  the  spur  j 

Gynsecium 

(carpels) 

3 

J oined 

Superior 

Placentation  parie 
tal,  stigma  hooked; 

The  floral  diagrams  representing  the  median,  vertical  section 
of  a flower  show  whether  it  is  hypogynous,  perigynous,  or 
epigynous.  (See  Fig.  34.) 

Floral  Instead  of  writing  out  a technical  description 

Formulas.  0f  a flower,  the  union  or  non-union  of  parts,  and 
the  position  of  the  floral  leaves  on  the  receptacle  may  be 
expressed  by  means  of  formulas  as  follows  • 
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Let  K represent  calyx, 

„ C ,,  corolla, 

,,  A „ andrcecium, 

„ G „ gynsecium. 

Then  the  floral  formula  of  the  violet  is  K5  C5  A5  G0.  The 
figures  denote  the  number  of  floral  leaves  forming  each  whorl  ; 
if  joined,  these  are  put  in  brackets.  If  the  gynsecium  is 
superior,  the  number  of  carpels  forming  it  is  placed  above  the 
line  drawn  horizontally  ; if  inferior,  below  the  line. 

The  floral  formula  of  primrose  is  K(o  C(5)  A5  G®.  This 
formula  shows  at  a glance  that  in  the  primrose  nearly  all  the 
floral  leaves  are  joined,  that  the  number  of  leaves  in  each 
whorl  is  five,  and  that  the  gynaecium  is  superior. 

The  floral  formula  of  snowdrop  is  P3  + 3,  A3 + 3,  G(3).  P 
represents  perianth,  which  is  composed  of  six  leaves,  arranged 
in  two  whorls,  therefore  written  3 + 3 instead  of  6. 
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C H APTE  R VIII 

THE  INFLORESCENCE  . 

Definition  of  The  special  brandies  of  a plant  which  are  modi 
Inflorescence.  ficd  to  pear  flowers  form  a system  known  as 

the  Inflorescence.  Flowers  (as  we  have  already  seen, 
Chapter  VI.)  are  modified  shoots  arising  in  the  axil  of  leaves 
called  bracts ; in  order  to  understand  inflorescences,  it  must 
be  remembered  that  the  formation  of  a flower  from  a terminal 
bud  arrests  growth  in  length,  so  that  if  growth  continues  it 
must  be  by  means  of  lateral  branches. 

In  Flowering  Plants  the  branching  of  stems  is  lateral,  that 
is  to  say,  the  main  stem  goes  on  developing  by  means  of  the 
growing  point  in  its  terminal  bud,  and  branches  arise  laterally 
from  the  buds  situated  in  the  angle  which  the  leaf  makes  with 
the  stem.  There  are  two  main  types  of  lateral  branching : 

1.  The  main  stem  goes  on  developing  upwards,  giving  oft' 
lateral  branches,  the  oldest  being  furthest  from,  and  the 
youngest  nearest  to,  the  apex. 

2.  The  lateral  branches  may  develop  more  vigorously  than 
the  primary  stem,  the  terminal  bud  of  which  may  even  become 
suppressed,  as  in  the  lilac. 

. Inflorescences  show  the  same  two  types.  Thus, 

Types  of  in  the  wallflower,  the  flowers  are  always  lateral, 
Inflorescence.  never  terminal ; the  apex  of  the  branches  bearing 

flowers  goes  on  developing,  so  that  the  growth  of  the  stem  is 
never  arrested,  and  the  youngest  flowers  are  nearest  the  apex, 
the  oldest  furthest  away.  This  type  of  inflorescence  is  said  to 
be  indeterminate,  or  indefinite,  because  there  is  no  limit  to  the 
growth  in  length  of  the  flowering  shoot.  The  term  racemose 
(Lat.  racemus,  a cluster  of  grapes)  is  applied  to  it. 

The  buttercup  or  marsh  marigold  is  an  example  of  the 
second  type  of  inflorescence.  In  this  case  the  main  stem 
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terminates  in  a single  flower,  and  ceases  to  grow  in  length  ; 
further  growth  therefore  can  take  place  only  by  lateral 
branching.  The  lateral 
branches  in  the  same 
way  terminate  in  a 
sinsrlo  flower,  and  ceate 
to  grow  in  length. 

The  differences  be- 
tween this  type  and 
the  preceding  are  : 

1.  The  flowers  are 
terminal,  not  only 
lateral. 

2.  The  growth  in 
length  of  each  flower- 
ing branch  is  arrested. 

3.  The  youngest 
flowers  are  towards  the 
outside. 

This  mode  of  inflorescence  is  therefore  called  determinate  or 
definite,  and  the  term  cymose  is  also  applied  to  it. 

Racemose  Racemose  inflorescences  vary  considerably 

Inflorescences,  owing  to  the  difference  in  length  of  the  primary 
stem  and  of  the  flower  stalks. 

The  raceme  proper.  Here  the  flowers  have  stalks,  and  are 
developed  laterally  along  the  main  axis,  one  above  the  other, 
the  youngest  being  nearest  the  apex,  e.g.,  foxglove  (Plate  II., 
Fig.  54).  The  bracts  belonging  to  the  flower  are  often  absent, 
as  in  the  wallflower ; they  may  be  seen  in  the  hyacinth. 

In  the  spike  the  flowers  have  either  no  stalks  or  very  short 
ones,  and  the  flowers  are  crowded  together  on  the  main  axis — 
e.g.,  plantain  (Plate  II.,  Fig.  51).  In  both  the  raceme  and 
the  spike  the  primary  axis  is  elongated  : in  the  umbel  and 
capitulum  it  is  shortened.  In  the  umbel  the  apex  of  the  mam 
stem  gives  off  a number  of  branches,  each  bearing  a flower 
with  a stalk  of  its  own.  The  bracts  beneath  the  flower  stalks 
torm  a characteristic  involucre.  This  is  the  simple  umbel 


Fig.  47. — Inde-  Fig.  48. — Definite 

FINITE  INFLORES-  INFLORESCENCE 

cenck  (diagram-  (diagrammatic), 

matic). 

The  numbers  I,  II.  Ill,  etc.,  indicate  the 
order  of  development  of  the  flowers. 
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but  many  plants  have  compound  umbels,  that  is  to  say,  the 
inflorescence  consists  of  a number  of  simple  umbels,  each  with 
its  own  involucre,  and  the  whole  inflorescence  with  a common 
involucre.  These  involucres  may  be  wanting.  This  inflores- 
cence gives  its  name  to  the  order  Umbelliferaj  (fJlate  II., 
Fig.  50). 

In  the  capitulum  or  head  the  flowers  are  sessile,  not  stalked. 
The  apex  of  the  main  stem  generally  becomes  dilated  into 
a flattened  receptacle,  each  flower  in  its  bract,  the  whole 
receptacle  being  protected  by  an  involucre  of  bracts.  This  is 

well  seen  in  the  Compositse.  (See  Fig.  118.)  The  receptacle 
here  should  not  be  confused  with  the  flower  stalk  on  which 
the  floral  leaves  are  situated. 

Cymose  The  growth  of  the  main  stem  is  invariably 

Inflorescences,  arrested  in  plants  which  have  cymose  inflores- 
cences. Sometimes  only  one  flower  is  borne  by  the  stem, 
and  the  inflorescence  is  then  said  to  be  solitary ; but  as  a rule 

growth  is  continued  by 
means  of  lateral  branches. 

In  some  cymes,  branches 
are  developed  only  on  one 
side  of  tne  main  axis,  as  in 
the  comfrey  and  forget-me- 
not,  the  opposite  branch 
being  undeveloped  in  each 
case.  (Plate  II.,  Fig.  52.) 

Sometimes  the  vigorous 
branches  develop  alter- 
nately, first  on  one  side, 
then  on  the  other. 

In  some  inflorescences 
the  cymes  are  two  - sided. 
Thus  in  the  stitchwort  the 
main  stem  ends  in  a flower. 
This  is  the  first  flower  to 
be  formed.  Underneath  this  two  branches  arise  opposite 
each  other,  each  terminating  in  a flower,  beneath  which  two 


FKJ.  63. — iNFl-OKliSCENCK  OF 

Stkllaria  Graminea. 

A 2 -branched  cyme. 


PLATE  II. 

Fig.  40.— Mixed  Inflorescence  op  Figwort  : a.c.,  axillary 
cymes,  forming  a racemose  inflorescence. 

Fig.  50.— Compound  Umbel  op  Fool’s  Parsley  : s.u.t  simple 
umbel. 

Fig.  51.— Spike  op  Plantain. 

Fig.  52. — One-branched  Cyme  op  Forget-me-not. 

Fig,  54.— Raceme  op  Foxglove. 
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more  branches  arise,  and  so  on.  In  a cyme  of  this  kind  the 
branches  always  arise  opposite  each  other.  (Fig-  53.) 

The  verticillaster  (Lat.  verticillus  = whorl  of  a spindle)  found 
in  many  flowers  of  the  Dead-nettle  Order  is  a modified  cyme, 
but  owing  to  the  flowers  having  become  sessile,  it  is  often 
very  difficult  to  see  the  order  in  which  they  have  arisen. 

Compound  Some  inflorescences  are  compounds  of  simple 
inflorescences,  ones,  thus  there  may  be  a raceme  of  racemes, 
an  umbel  of  umbels,  etc. 

Mixed  Lastly,  many  plants  have  mixed  inflores- 

Inflorescences.  cences ; thus  figwort  has  axillary  cymes,  de 
veloping  racemosely.  The  youngest  cyme  is  nearest  the  apex 
the  oldest  furthest  from  it.  (Plate  II.,  Fig.  49.) 


Simple  Inflorescences. 


Racemose 

1 

Cymose 

1 

1 

With  elongated 

1 

With  shortenod 

1 

Solitary  One-sided 

1 

Two-sided 

primary  axis 

primary  axis 

Cyme 

Cyme 

(a)  Raceme 

fa)  Umbel 

(i>)  Spike 

(A)  Capitulum 

5 
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CHAPTER  IX 

POLLINATION 

Cross-  and  orc^er  that  flowers  may  make  seed,  the  pollen 
Seif-  from  the  stamen  must  reach  the  stigma.  The 

Pollination.  pQpen  0f  a flower  may  fap  ori  thc  stigma  of  the 

same  flower,  or  pollen  from  one  flower  may  be  carried  by 
some  agent  to  another  flower  of  the  same  species.  In  the 
former  case  the  flower  is  self-pollinated ; in  the  latter,  cross- 
pollinated. 

At  first  sight  one  is  inclined  to  wonder  why  pollen  should 
be  carried  from  one  flower  to  another,  as  the  waste  must  be 
great,  and  it  would  seem  more  natural  for  flowers  to  pollinate 
themselves ; but  Darwin  has  shown  that  the  waste  of  pollen  is 
more  than  counterbalanced  by  an  undoubted  advantage.  For 
some  eleven  years  he  made  exact  observations,  in  order  to 
try  and  ascertain  the  relative  value  of  cross-  and  self-pollina- 
tion. He  raised  more  than  a thousand  plants  from  seed  which 
had  been  produced  in  some  instances  by  cross-pollination,  in 
others  by  self-pollination,  in  order  to  compare  the  results  of 
the  two  processes  in  the  same  species,  and  he  came  to  the 
conclusion  that  plants  produced  by  cross-pollination  had  the 
advantage  over  those  produced  by  self-pollination  in  being 
more  hardy  and  better  able  to  stand  unfavourable  conditions. 
Even  where  a species  is  usually  self-pollinated,  as  in  the  bee 
orchid,  it  is,  Darwin  thought,  occasionally  cross  pollinated. 

„ , (a)  Cross- pollination  must  inevitably  tak6  place 

Cross-  in  those  plants  in  which  the  flowers  have  stamens 
Pollination.  Qr  carpeiS)  put  not  both.  In  the  willow  (Plate  III., 

Figs.  55,  56)  the  staminate  flowers  are  borne  on  one  tree,  the 
pistillate  on  another.  These  latter  have  nectaries  situated 
between  the  ovary  and  the  bract  of  a flower.  They  are 
readily  visited  by  insects,  for,  although  they  have  no  corollas, 


PLATE  171. 

Fro.  55. — Willow,  Staminatk  Inflorescence. 

Fig.  56. — Willow,  Pistillate  Inflorescence. 

Fig.  57. — Flowers  of  Willow  : (a)  stairunate,  and  ( b ) pistillate 
flower 

Fig.  58. — -Hazel  : s.c.,  stannnate  catmn  ; p.c.,  pistillate  catkin. 
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the  flowers  come  out  before  the  leaves;  the  anthers  are  golden 
yellow,  so  that  the  staminate  flowers  are  very  conspicuous  in 
the  hedges  in  early  spring;  whilst  the  pistillate  flowers,  owing 
to  their  nectaries,  attract  by  their  odour.  In  the  Hazel  cross- 
pollination is  effected  not  by  insects,  but  by  the  wind.  The 
staminate  and  pistillate  flowers  are  on  the  same  tree  (Plate  III., 
Fig.  58).  The  staminate  catkins  hang  down  and  produce 
quantities  of  pollen.  The  pistillate  flowers  occupy  for  the 
most  part  the  position  of  axillary  buds,  and  are  distinguished 
from  leaf  buds  by  the  protruding  stigmas ; they  receive  the 
pollen  which  is  blown  by  the  wind  from  the  overhanging 
catkin. 

( b ) In  some  flowers,  the  androecium  matures  before  the 
gynsecium,  in  others  the  gynsecium  ripens  first ; in  this  way 
cross  pollination  is  insured.  In  many  of  the  Compositse — in 
Campions,  in  some  Geraniums — the  stamens  are  developed 
whilst  the  stigmas  are  still  immature  The  Figwort  is  an 
example  of  a flower  in  which  the  stigma  becomes  ripe  before  the 


Figs.  59  to  61.— Figwort  in  different  Stages. 

69. — Flower  with  Stigma  protruding.  60. — Longitudinal  Section 
of  same  Flower,  showing  Stamens  curled  up  in  Corolla. 
61. — Longitudinal  Section  op  Later  Stage,  showing  withered 
Style  and  Stamens  protruding. 

pollen  is  formed.  If  two  or  three  inflorescences  of  the  Figwort 
are  examined,  some  flowers  will  be  seen  with  the  stigmas  spread 
out  at  the  mouth  of  the  corolla  ready  to  receive  the  pollen 
(Fig.  59),  whilst  the  anthers  of  these  flowers  will  be  found 
curled  up  at  the  bottom  of  the  corolla-tube  (Fig.  60).  Other 
flowers  in  a later  stage  of  development  will  have  the  anthers 
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at  the  mouth  of  the  corolla-tube,  and  in  these  the  stigmas  will 
be  hanging  down  quite  limp  and  flabby  (Fig.  61).  An  insect 
coming  to  a flower  in  this  condition  will  take  the  pollen  from 
the  stamens  (the  stigma  has  already  been  pollinated  and  is 
not  in  a condition  to  receive  more  pollen),  will  carry  it  to 
other  flowers,  and  when  alighting  on  one  with  the  stigmas  at 
the  mouth  of  the  corolla-tube  will  pollinate  it. 

) Some  flowers—  e.g.,  the  Primrose  and  Loosestrife — have 
two  or  three  forms,  and  in  this  way  cross-pollination  is  insured 


Figs.  62  and  63.  — Primrose. 

62. — Long-styled  Form.  63. — Short-styled  Form. 


In  one  form  of  primrose  (Fig.  62)  the  style  is  long  and  the 
anthers  are  situated  half-way  down  the  corolla-tube  ; in  the 
other  form  (Fig.  63)  the  style  is  short  and  the  anthers  are  at 
the  mouth  of  the  corolla-tube.  Obviously,  it  is  impossible  for 
the  pollen  in  the  stamens  half-way  down  the  tube  to  fall  on 
the  stigma,  for  this  latter  is  above  the  stamens,  so  that  the 
“ long-styled  ” primrose  must  receive  pollen  from  another 
flower;  it  does  receive  it  from  the  “short-styled”  primrose. 
In  this  latter  the  pollen  could  fall  on  the  stigma  of  the  same 
flower,  and  it  is  conceivable  that  self-pollination  might  take 


POLLINATION 


61 


place  ; but  many  botanists  have  tried  artificial  self-pollinatic:' 
of  primroses,  and  have  found  that  when  seed  is  thus  produced 
it  is  not  so  productive  as  when  the  flowers  have  been  cross- 
pollinated. 

Agents  Flowers  are  usually  cross-pollinated  by  means 

6 crosT-S  of  wind  or  insects  ; the  former  are  called  anemo- 
Pollination.  philous  (Gk.  anemos  = wind),  the  latter  entomo- 
philous  (Gk.  entoma  — insects). 

Anemophilous  flowers  are  often  small  and  inconspicuous, 
never  brightly  coloured.  They  are  plentifully  provided  with 
pollen,  which  is  powdery  and  readily  shaken  out  of  the  flower 
owing  to  the  fact  that  the  stamens  have  long  filaments.  The 
stigmas  are  often  branched  and  hairy  or  tuftlike,  as  in  the 
Hazel  and  Grasses.  As  a rule,  wind-pollinated  plants  flower 
early  in  spring. 

Entomophilous  flowers  generally  have  nectaries,  and  by  their 
scent  attract  insects.  They  are  usually  brightly  coloured,  as 
Sprengel  first  pointed  out,  and  consequently  very  conspicuous  ; 
often  they  are  irregular,  the  irregularity — as,  for  instance,  the 
lower  lip  of  the  Dead-nettle,  the  “wings 
etc. — being  of  assistance  to  the  insect. 

Many  flowers,  too,  have  hairs  or  markings 
of  various  kinds,  which  serve  tc  direct  the 
insect  to  the  nectary.  The  pollen  grains 
of  entomophilous  flowers  are  sticky,  not 
powdery,  and  the  stigmas  are  usually 
smaller  than  in  the  case  of  wind-pollinated 
flowers. 

Nectaries  may  be  found  in 
almost  any  part  of  the  flower. 

In  the  Buttercup,  at  the  base  of  each  petal 
a little  scale  may  be  seen  ; the  nectary  lies 
just  under  this.  In  the  Wallflower,  the 
nectaries  are  little  green  swellings  at  the 
base  of  the  two  short  stamens  (Fig.  64). 

In  the  Violet,  two  of  the  stamens  have  appendrges  which  make 
honey,  that  is  collected  in  the  spur  of  the  corolla  into  which  the 


of  the  Sweet  Pea, 


Nectaries. 


Flo.  ti4. — Anukceoium 
AND  GyN^OIDM  OF 

Wallflower. 

s,  stamens ; n,  nectary  ; 
•s' <7.  stigma  ; ov , ovary. 


G2 


ELEMENTARY  BOTANY 


appendages  fit  (Fig.  65).  In  the  Marsh  Marigold,  the  nectaries 
occupy  little  depressions,  one  on  each  side  of  the  base  of  the 

carpel  (Fig.  102).  In  the  Columbine, 
Christmas  rose,  Hellebore,  the  petals 
have  become  transformed  into 
tubular  nectaries  (Fig.  101).  In  the 
Coltsfoot,  the  nectary  is  at  the  base 
of  the  style,  and  may  be  seen  by 
holding  up  one  of  the  inner  florets 
to  the  light,  when  it  appears  yellow 
through  the  corolla-tube.  In  the 
Primrose,  the  nectary  is  at  the  base 
of  the  ovary;  whilst  in  the  Iris, 
Mignonette  (Fig.  66),  and  the 
Umbelliferse  (Fig.  44,  d)  it  takes 
the  form  of  a disc. 

The  position  of  the  nectary  is 
invariably  such  that  the  insect,  in 
the  act  of  getting  the  honey,  must  knock  against  the  anther 
and  thus  obtain  pollen. 

Only  certain  insects  can  get  the  honey  from  special  flowers ; 
when  the  honey  collects  at  the  bottom  of 
a long  tube,  as  in  the  Clover  and  in  many 
Compound  flowers,  only  insects  with  long 
antennae  can  reach  it.  Some  years  ago 
clover  was  planted  in  Australia,  but  it 
never  made  seed,  for  there  was  no  insect 
that  could  pollinate  it ; then  the  humble- 
bee  was  introduced,  and  noiv  Australian 
clover  can  make  seed,  for  the  bee  can 
reach  the  honey,  and  in  getting  it  polli- 
nates the  flower. 

When  nectaries  are  in  exposed  places, 
as  in  the  Umbelliferas,  their  honey  may 
be  washed  away  in  rainy  weather,  and  many  plants  have 
contrivances  for  preventing  this.  Some  plants  in  bright, 
sunny  weather  hold  their  corollas  up,  spreading  them  out 


Fig.  66. — Flower  ok 
Mignonette. 
d,  disc  forming 
nectary. 


Fig.  65. — Flower  of  Violet, 
showing  Stamens,  with 
Appendages  forming  Nec- 
taries. (The  dotted  lines 
indicate  the  position  of  the 
spur  and  sepals.) 

c,  connective  ; st,  style ; 
fir/,  stigma;  n,  nectaries. 
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to  the  sun  ; whilst  in  wet  weather  they  hang  down,  and  the 
rain  cannot  so  easily  enter  them.  The  Herb  Robert  is  an 
example  of  this. 

Self-  Within  the  last  thirty  years  numerous  instances 

Pollination.  }iave  been  collected  of  flowers  which  pollinate 
themselves.  Kerner,  in  his  “ Natural  History  of  Plants,” 
enumerates  many  hundreds,  and  shows  that  there  is  a certain 
relation  between  the  altitude  at  which  a plant  is  found  and 
the  frequency  of  self-pollination,  no  doubt  owing  to  the  com- 
parative scarcity  of  insects  at  high  levels.  Cleistogamous 
flowers — those  which  never  open  (G-k.  cleistos  = closed) — must 
invariably  pollinate  themselves.  The  Violet,  Wood-sorrel, 
many  Chickweeds,  many  of  the  Leguminosfe  have  these 
cleistogamous  flowers,  which  are  formed  in  late  summer. 
Many  of  the  Cruciferse  have  small,  white,  inconspicuous 
flowers  which  pollinate  themselves : the  anthers  of  the  four 
long  stamens  slowly  revolve  until  they  are  over  the  stigma, 
then  they  open  and  the  pollen  falls  on  the  stigma.  Groundsel 
generally  pollinates  itself,  and  many  other  instances  might  be 
given. 

The  interesting  thing  about  all  these  flowers  is  that,  although 
they  are  usually  self-pollinated,  insect  visits  have  been  recorded, 

68. 


Figs.  67  and  68. — Stellakia  Gkaminea. 

67.— First  Stage,  showing  Outer  Anthers  covered  with  Pollen. 
68. — Later  Stage,  Stigmas  spreading. 

and  tney  are  apparently  cross-pollinated  at  intervals.  Even 
those  plants  which  have  cleistogamous  flowers  form,  earlier  in 
the  season,  other  flowers  which  are  cross-pollinated.  And  in 
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the  same  way  flowers  which  as  a rule  are  cross-pollinated 
may,  in  the  absence  of  insect  visits,  be  self -pollinated. 
Stellaria  graminea,  (a  Chickweed),  is  an  instance  of  this.  This 
flower  has  ten  stamens  : first,  the  outer  five  open  and  the 
anthers  become  covered  with  pollen  (Fig.  67);  then  the  five 
inner  stamens  dehisce,  and  as  those  are  withering  the  styles 
which  before  had  been  bent  inwards  rise  up,  spreading  out 
their  stigmatic  surfaces.  The  nectaries  are  green  swellings  on 
the  base  of  the  five  outer  stamens.  If  insects  visit  a flower  in 
the  condition  drawn  in  Fig.  67,  thejr  must  get  pollen  from  the 
five  outer  stamens ; if,  however,  the  stamens  have  withered, 
then  the  insect  will  come  in  contact  with  the  stigmas,  and  will 
deposit  the  pollen  they  have  brought  from  some  other  flower. 
Supposing,  however,  that  insect  visits  do  not  occur  at  all — 
and  as  the  flower  is  inconspicuous  that  may  often  be  the  case 
— then  the  stigmas  curling  over  come  in  contact  with  the 
anthers,  and  self-pollination  ensues. 

In  the  present  state  of  our  knowledge,  then,  it  may  be 
asserted  that  the  majority  of  flowers  are  usually  cross-polli- 
nated ; but  that  when  cross-pollination  cannot  take  place, 
owing  to  the  absence  of  insect  visits,  self-pollination  occurs 
more  frequently  than  Darwin  had  reason  to  think.  Further, 
it  may  be  stated  that  the  power  of  self-pollination  has  been 
altogether  lost  by  some  plants  which  have  become  highly 
specialized — as  regards  the  colour  and  form  of  flower — for 
cross-pollination. 

When  the  pollen  grain  reaches  the  stigma  it 
The  putting  1 ° , 

out  of  tbe  puts  out  a tube  which  makes  its  way  through 

Pollen  Tube.  s^y]e  jn^0  ovary,  and  eventually  enters 

the  ovule  by  a passage  between  the  coats  of  the  ovule.  (See 
Fig.  70.)  In  the  Crocus  this  passage  of  the  pollen  tube  takes  one 
to  three  days  ; in  Orchids  several  days,  weeks,  or  even  longer  ; 
in  Aloes  and  plants  which  flower  but  rarely,  a year  or  more. 

Pollination  includes  not  only  the  transference  of  the  pollen 
grain  from  the  stamens  to  the  stigma,  but  also  the  growth  of 
the  pollen  tube  until  it  reaches  the  ovule. 
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CHAPTER  X 

FORMATION  OF  THE  SEED 

The  fruit  and  seeds  are  the  result  of  fertilisation,  which  is 
preceded  by  pollination.  Fertilisation  cannot  take  place  until 
the  ovule  is  ready  to  receive  the  contents  of  tb ) pollen  grain, 
structure  of  When  quite  young  an  ovule  consists  of  : (1  a 

Ovule.  stalk,  (2)  two  integuments  or  coats,  (3)  a central 
portion,  which  is  called  the  nucellus.  Between  the  integu- 
ments a passage  is  left,  through  which  the  pollen  tube 
makes  its  way  in  order  to 
reach  the  nucellus.  This 
passage  is  called  the  micropyle, 
and  may  usually  be  seen  as  a 
small  hole  in  the  testa  of  the 
seed.  (See  Fig.  1 m.)  As 
the  ovule  develops  an  embryo- 
sac  is  formed  in  the  nucellus ; 
in  this  the  oosphere  arises, 
and  until  this  has  been 
formed  the  ovule  is  not  ready 
for  fertilisation. 

When  the  oosphere  is 
ready,  the  contents  of  the 
pollen  grain,  which  must 
have  previously  been  deposited  on  the  stigma,  pass  down  the 
pollen  tube  put  out  by  the  pollen  grain,  and  unite  with  the 
oosphere.  After  this  union,  known  as  fertilisation,  the 
oosphere  begins  to  develop  into  the  embryo.  The  result  of 
fertilisation  is : (1)  the  formation  of  the  embryo,  (2)  the 
formation  of  endosperm  or  food  material  around  the  embryo, 
so  that  the  whole  contents  of  the  embryo-sac  are  used  up. 


Fig.  69. — Section  ihkouuh 
Ova  ky,  Showing  Ovules. 
m,  micropyle  ; int,  integu- 
ments ; n,  nucellus  ; e s,  em- 
bryo-sac. 
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Whilst  developing,  the  embryo  feeds  on  the  endosperm. 
Sometimes  all  this  food  material  is  absorbed  during  the  ripening 

of  the  seed,  but  sometimes  not  until  ger- 
mination. In  the  first  case  the  seed  is 
said  to  be  exalbuminous,  that  is,  without 
albumen  ; in  the  latter  it  is  albuminous. 
This  term  “albumen”  denotes  the 
chemical  composition  of  which  the  endo- 
sperm or  food  material  is  composed  and 
is  still  retained  in  botany,  because  it  is 
usual  and  convenient  to  speak  of  seeds 
as  albuminous  or  exalbuminous.  The 
term  “ endosperm  ” is  a better  one,  and 
denotes  exactly  the  same  part  of  the 
seed  as  that  designated  “ albumen.”  The 
bean  seed,  described  in  Chapter  I.,  is 
exalbuminous,  for  it  consists  simply  of 
testa  and  embryo.  On  the  other  hand, 
the  maize  seed  is  albuminous,  for  it 
contains  in  addition  to  testa  and 
embryo,  the  endosperm,  which  occupies  the  greater  part  of 
the  seed. 


Fig.  70.  — Pollen 
Ukain  on  Stigma 
putting  out  Tube 
to  Ovule  (semi- 
diagrammatic). 

\>.t,  pollen  tube  ; e.s, 
embryo-sac  ; n,  nu- 
cellus  ; int,  integu- 
ments ; k,  lower 
part  of  calyx  cup. 


TABLE  SHOWING  FORMATION  OF  SEED  FROM 

OVULE. 


OVULE. 

1.  Stalk. 

2.  Usually  two  integuments. 

3.  Micropyle. 

4.  Embryo-sac. 

5.  Oosphere. 


SEED. 

1.  Stalk  of  attachment. 

2.  The  testa. 

3.  Hole  in  testa,  also  called 

micropyle. 

4.  Embryo  + endosperm, 

which  may,  or  may  not, 
be  absorbed  by  embryo. 
5 Embryo. 


A seed  is  therefore  a metamorphosed  ovule,  enclosing  a young 
plant,  the  embryo,  which  is  set  free  from  the  parent  plant  in 
order  to  produce  a new  plant.  Only  Flowering  Plants  form 
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seeds.  From  the  embryo,  the  root  and  shoot  of  a plant  arise. 
(See  Chapter  I.) 

We  may  now  sum  up  what  is  called  the  life 
oft?eHFlower-  history  of  the  flowering  plant— that  is,  the  chief 
ing  Plant.  stages  of  its  development  from  the  beginning  of 
its  existence  until  it  is  fully  grown  and  able  to  produce 
another  plant  like  itself. 

1.  Formation  of  the  embryo  by  means  of  the  union  of  the  pollen 

grain  with  the  oosphere — that  is,  the  formation  of  the 
seed. 

2.  Development  of  the  embryo  into  root  and  shoot. 

3.  Development  of  the  flower — a metamorphosed  shoot. 

4.  Formation  of  pollen  grains  by  stamens. 

Formation  of  ovules,  containing  embryo-sacs,  by  carpels. 

5.  Pollination  and  fertilisation,  resulting  in  the  formation  of  the 

seed. 


The 

Endosperm  or 
Albumen. 


These  are  the  stages  through  which  every  Flowering  Plant 
invariably  passes  in  the  formation  of  the  seed. 

At  the  same  time  it  must  be  remembered  that  many  plants  pro- 
pagate themselves  independently  of  seed  by  bulbs,  corms,  etc. 

The  endosperm  may  develop  in  very  various 
ways.  In  the  Date  it  forms  a hard  stone,  in  the 
Cocoanut  a white  jelly,  which  is  quite  soft  and 
flaky  when  the  Cocoanut  is  young,  but  as  it  solidifies  becomes 
hard.  Sometimes  the  endosperm  is  horny. 

Coffee,  Caraway-seeds,  Castor-oil,  all  conuin  endosperm. 
Where  endosperm  is  developed  the  embryo  is  often  minute, 
especially  in  Monocotyledons.  In  a date,  for  instance,  the 
embryo  may  be  found  by  cutting  the  stone  across,  through 
the  little  depression  on  the  smooth  side  of  the  stone,  that 
opposite  the  groove.  When  the  stone  is  cut  through  there— 
and  it  must  be  done  with  a very  strong  knife — the  embryo  is 
found  just  beneath  the  depression,  and  is  seen  to  be  very  small 
and  white. 

Seeds  and  fruits,  on  account  of  the  food  material  stored  in 
them,  are  used  as  articles  of  food.  The  so-called  “ coffee 
bean  ” is  a 3eed  consisting  chiefly  of  endosperm  ; this  endo- 
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sperm,  when  parched  and  ground,  is  the  coffee  bought  in 
shops.  The  endosperm  of  the  Cocoanut  may  be  eaten  in  its 
raw  condition  ; Caraway-seeds  are  put  into  cakes. 

Seeds  with  fleshy  cotyledons,  like  those  of  the  Pea  and 
Bean,  are  specially  nutritious  from  the  albumen  contained  in 
the  cotyledons.  Lastly,  most  seeds  contain  a great  deai  ox 
oil,  especially  those  of  nuts ; it  is  this  that  makes  them  burn 
•30  brightly  when  thrown  into  the  fire. 
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FRUITS 


After  fertilisation,  the  ripened  ovary  forms  the  fruit.  In 
many  cases  other  parts  of  the  flower,  most  usually  the  re- 
ceptacle, are  affected  by  fertilisation,  and  take  part  in  the 
formation  of  the  fruit. 

A flower,  which  consists  of  one  carpel,  or  in  which  the 
carpels  are  united  to  each  other,  forms  a simple  fruit,  as  in  the 
Pea,  Lily,  Wallflower,  Yiolet,  Foxglove;  but  where  a flower 
has  several  carpels  which  do  not  unite  to  each  other,  one  flower 
forms  several  simple  fruits,  and  the  product  of  each  flower  is 
then  called  a compound  fruit : this  occurs  in  the  Buttercup, 
Blackberry,  Rose. 

Fruits  may  be  either  dry  or  succulent,  dehiscent  or  indehis- 
cent.  A succulent  fruit  is  fleshy,  such  as  the  Gooseberry,  Apple, 
or  hip  of  Rose ; a dry  fruit  is  one  in  which  the  seed-vessel  in 
time  becomes  quite  dry,  as  the  pod  of  Laburnum,  or  the  fruit 
of  the  Buttercup.  A dehiscent  fruit  opens  in  late  summer,  or 
in  autumn,  to  let  out  its  seeds ; on  the  other  hand,  in  an 
indehiscent  fruit  the  seed  is  retained  in  the  seed-vessel  until 
ready  for  germination. 

Dry  The  following  are  the  chief  types  of  Dry 

Dehiscent  Fruits : 

1.  Legume , characteristic  of  the  Pea  and  Bean 
family.  If  the  pod  of  a Laburnum  be  examined,  the  remains 
of  the  calyx  are  seen  just  above  the  stalk  : this  shows  that 
the  fruit  is  formed  from  a superior  ovary.  When  squeezed 
the  pod  splits  into  two  pieces,  called  valves.  The  seeds  are 
then  seen  to  lie  alternately  in  each  valve,  and  to  be  attached 
along  the  margin,  where  the  edges  of  the  carpellary  leaf  bear- 
ing the  ovules  have  united  ; the  opposite  edge  of  the  fruit  is 
the  midrib  of  the  carpel.  A pod  may  therefore  be  defined  as 
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a dry,  dehiscent  fruit,  formed  of  one  carpel,  and  dehiscing 
along  both  the  midrib  and  the  margin  (Plate  IV., 
Fig.  71). 

2.  A follicle  is  similar  to  a pod,  except  that  it  dehisces 
along  the  margin  alone  and  not  along  the  midrib.  Follicles 
usually  occur  in  compound  fruits,  as  Christmas  rose,  Peony, 
Marsh  Marigold,  Columbine  (Plate  IV.,  Fig.  76). 

3.  The  siliqua,  characteristic  of  the  order  Cruciferae.  This 
may  be  examined  in  the  Wallflower,  or  pod  of  almost  any 
Crucifer,  such  as  Mustard,  Jack-by-the-hedge.  At  the  bottom 
of  the  fruit  is  a ridge,  where  the  sepals,  petals,  and  stamens 
of  the  flower  were  attached;  the  fruit  is  therefore  superior. 
It  dehisces  from  the  base  upwards,  along  the  edges  of  the  two 
carpels  into  two  valves,  each  having  its  own  midrib.  The 
seeds  are  attached  to  a thin  membrane,  called  the  replum , 
which  lies  parallel  to  the  valves,  and  remains  after  they  have 
fallen  off.  The  replum  must  not  be  confused  with  the 
partition  which  is  often  seen  between  the  valves  of  a fruit, 
and  which  is  formed  from  the  turning  in  of  the  carpellary  leaf, 
as  already  described  in  the  ovary  of  the  Tulip  (p.  42).  The 
replum  is  an  outgrowth  from  the  edge  of  the  carpel,  but  it  is 
not  part  of  the  carpel  itself ; it  is  found  in  the  majority  of  the 
Cruciferae  (Plate  IV.,  Fig.  72).  When  a fruit  of  this  kind 
is  nearly  as  broad  as  it  is  long,  then  it  is  called  a silicula, 
which  is  similar  in  all  essential  respects  to  the  siliqua.  The 
fruit  of  the  Pennycress,  Honesty,  Shepherd’s-purse  is  a silicula 
(Plate- IV.,  Figs.  73,  74). 

4.  The  term  capsule  is  applied  to  those  dry,  dehiscent  fruits 
which  consist  of  two  or  more  carpels,  e.g.,  Figwort,  Violet. 

Capsules  proper  are  usually  classified  according  to  their 
mode  of  dehiscence  : 

1.  They  may  dehisce  lengthways  along  the  margin,  e.g., 
Figwort  (Plate  IV.,  Fig.  75). 

2.  They  may  dehisce  lengthways  along  the  midrib,  e.g, 
Iris  (Fig.  81),  Lily,  Pansy  (Fig.  78),  Horse  Chestnut. 

3.  They  may  dehisce  by  teeth,  e.g.,  duckweeds  and  many 
other  Caryophyllaccsc  (Plate  IV.,  Fig.  80). 
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4.  They  may  dehisce  by  pores  beneath  the  stigma,  e g., 
Poppy  (Fig.  79). 

The  nut  and  achene  are  the  two  chief  types  of 

Dry, 

Indehiscent  dry,  inclehiscent  fruits.  They  are  both  one- 
Fruits.  seeded^  but  differ  in  the  structure  of  their  wall ; 
that  of  the  nut  is  very  hard,  that  of  the  achene  much 
less  so.  Indehiscent  fruits  are  usually  provided  with 
appendages  for  dispersion ; these  will  be  described  in  the  next 
chapter. 


Separating  In  the  Geraniaeese  and  Umbellifene  the  carpels 
Fruits.  separate  from  each  other,  each  containing  one 
seed.  The  fruit  is  therefore  known  as  a schizocarp  (Gk.  scliiso 
= to  split).  The  prolongation  of  the  receptacle  bearing  the 
carpels,  called  the  carpophore, 
persists  after  the  carpels  have 
dropped  off  (Plate  V.,  Figs.  86, 

87). 

Succulent  Succulent  fruits  are 
Fruits,  represented  by  the 
drupe  and  berry,  both  indehiscent. 

The  drupe  is  a stone  fruit,  like 
the  Plum  and  Cherry.  Here, 
after  fertilisation,  the  wall  of  the 
ovary  gives  rise  to  three  distinct 
layers  ; the  outer  one  forms  the 
outside  thin  skin  ; the  middle 
layer  gives  rises  to  the  succulent 
portion  of  the  fruit,  whilst  the 
innermost  layer  forms  the  hard  stone.  Within  this  is  the 
seed  or  kernel.  Drupes  are  generally  superior  fruits,  formed 
from  one  carpel,  and  containing  generally  but  one  seed.  They 
may,  however,  be  formed  from  the  ovaries  of  two  carpels,  as 
in  the  Walnut. 

A berry  differs  from  the  drupe  in  not  having  a hard  stone ; 
the  whole  of  the  wall  of  the  ovary  is  soft  and  succulent ; this 
is  the  main  difference  between  the  berry  and  the  drupe.  The 


Fig.  82. — Vertical  Section  op 
Drupe  (Plum). 

ep,  outer  coat  (skin)  ; mes, 
succulent  portion  ; end , stone 
wall  ; lc,  seed  unclosed  in 
brown  testa. 
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either  as  a ring  or  as  a set  of  small  leaves. 


Fig.  83.  — Transverse 
Section  op  Berry 
(Gooseberry). 

p.p,  parietal  placenta  ; 
ep,  outer  coat  (skin) ; 
mes,  succulent  portion ; 
k,  seeds  enclosed  in 
brown  testa. 


berry  may  be  inferior  or  superior,  and  may  be  formed  from  one 
or  from  several  carpels.  In  the  Gooseberry  it  is  inferior,  for 
the  remains  of  the  calyx  can  be  seen  at  the  top  of  the  fruit, 

In  this  case  the 
berry  is  formed  from  two  carpels,  for 
the  seeds  come  off  from  two  placentas. 
In  the  Tomato  the  berry  is  formed 
from  a superior  ovary,  the  remains  of 
the  calvx  being  plainly  seen  at  the 
base  of  the  fruit.  A berry  may  be 
single-seeded,  as  in  the  Date,  or  many- 
seeded,  as  in  the  Gooseberry. 

Many  succulent  fruits  are  formed 
not  only  from  the  gynaecium,  but  from 
the  receptacle.  The  Apple  and  Pear 
are  good  instances  of  this.  A trans- 
verse section  of  an  apple  shows  five 
chambers  in  the  centre,  each  containing 
one  or  two  seeds,  generally  two.  Each  of  these  chambers  is 
an  ovary,  formed  by  the  union  of  the  two  margins  of  a carpel. 
The  succulent  portion 
forming  the  greater  part 
of  the  apple  is  the  re- 
ceptacle, which,  after 
fertilisation,  becomes 
very  much  swollen. 

The  fruit  of  the 
Apple,  Pear,  Quince, 

Hawthorn,  is  called  a 
pome.  In  the  Haw- 
thorn the  walls  of  the 
carpels  become  hard 
and  stony,  whilst  in  the 
Apple  they  remain  more 

or  less  soft.  Thus  in  the  Hawthorn  the  pome  is  of  the  nature 
of  a drupe  ; in  the  Apple,  of  a berry. 


Fig.  84. — TKANsva.iw>E  oeuuon  of  Apple. 

rc,  receptacle  ; c,  carpels  ; k,  seeds  (pips) 
enclosed  in  brown  testa. 
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Compound  Compound  fruits  may  consist  of:  (1)  A number 

Fruits.  0f  follicles,  e.g.,  Columbine,  Aconite  ; (2)  a number 
of  achenes,  e.g.,  Buttercup,  Bose,  Strawberry  ; (3)  a number 
of  drupes,  e.g.,  Blackberry,  Raspberry. 

There  is  no  part  of  botany  more  perplexing  to  the  beginner 
than  the  structure  of 
fruits.  It  is  essential 
to  bear  in  mind  that 
every  flower  forms 
a fruit,  that  it  arises 
from  the  ovary,  (some- 
times from  some  other 
part  of  the  flower  as 
Avell),  and  that  the 
seeds  it  contains  have 
been  developed  from 
the  ovules. 

Then  in  examining  a 
fruit  it  is  helpful  to 
note  the  f olio wi ng 
points  : 

1.  Whether  the  fruit 
is  simple  or  compound.  If  compound,  it  is  sufficient  to  examine 
one  of  the  simple  fruits  of  which  the  compound  fruit  is  com- 
posed. 

2.  The  number  of  carpels  of  which  the  simple  fruit  con- 
sists. 

3.  Its  position,  whether  superior  or  inferior. 

4.  Its  mode  of  dehiscence,  if  any. 

5.  The  number  of  its  seeds. 

Thus,  supposing  the  fruit  of  a Columbine  is  being  examined, 
it  is  clear  that  it  is  compound,  for  five  or  six  simple  fruits  will 
be  present.  Each  fruit  must  be  formed  of  one  carpel,  for  the 
fruit  can  only  be  compound  when  the  carpels  have  not  united. 
The  ridge  of  attachment  of  floral  organs  underneath  shows 
that  the  fruit  is  superior;  it  docs  dehisce,  and  only  along 
the  inner  edge.  In  every  particular  this  answers  to  the 


Bill 1 :~J 

Fig.  85. — Median  Vertical  Section  of 


Apple. 

rc,  receptacle  ; c,  carpels  ; k,  seeds  (pips) 
enclosed  in  brown  testa. 
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structure  of  a follicle,  so  that  the  fruit  is  finally  described  as 
compound,  consisting  of  six,  (or  whatever  the  number  may  he), 
follicles. 

Some  fruits  represent  not  merely  the  product  of  a flower, 
but  a whole  inflorescence.  That  this  is  the  case  in  the 
Mulberry  is  evident  from  the  presence  of  the  perianth  leaves 
enveloping  each  section  of  the  fruit. 


Classification  of  Fruits. 
Simple 


Compound 


Dry 


Succulent 


Dehiscent  Indehiscent 


Separating 


Legume 

Follicle 

Siliqua 

Silicula 

Capsula 


Acliene 

Nut 


Schizocarp  Berry  Collection  of  Achenes 


Drupe  Collection  of  Follicles 

Dome  Collection  of  Drupes 


PLATE  V. 

Fio.  86. — 8chizocaup  of  Nasturtium. 

Fig.  87. — Schjzocakp  of  Umbelliferous  Plant,  with 
Carpels  Sf.parating. 

Fig  88. — Achenes  of  Geum. 

Fio  89.  — Compound  Fruit  of  Salsify. 

Fio.  90. — Fruit  of  Sycamore,  with  Wings. 

Fio.  91. — Fruit  of  Ash,  with  Wino. 

Fio.  92, — Achenes  of  Clematis. 
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CHAPTER  XII 

THE  DISPERSION  OF  FRUITS  AND  SEEDS 

Everyone  must  have  noticed  seedlings  of  trees,  such  as  the 
Sycamore,  even  when  no  adult  tree  of  the  same  kind  was  in 
sight;  acorns  have  been  found  a mile  away  from  the  nearest 
Oak ; rare  plants  are  found  in  patches  miles  away  from  each 
other.  How  can  facts  of  this  kind  be  explained  1 Very 
largely  by  observing  the  way  in  which  fruits  or  seeds  are 
dispersed  by  the  parent  plant. 

B Wind  Indehiscent  fruits  are  often  furnished  with 
appendages  which  carry  the  fruit  some  distance 
from  the  parent  plant.  The  achenes  of  the  Clematis  are 
provided  with  long  feathery  styles  (Plate  V.,  Fig.  92).  In 
the  Compositse,  the  calyx  becomes  transformed  into  an  organ 
of  dispersion  called  y “ pappus  ” (Fig.  89).  The  fruit  of  many 
trees,  such  as  the  Ash  and  Sycamore,  is  provided  with  wings, 
by  which  they  are  wafted  through  the  air  often  to  a consider- 
able distance  (Figs.  90,  91).  In  the  Elm,  the  wing  is  all  round 
the  fruit  and  not  at  one  end  of  it,  as  in  the  Ash  and  Sycamore. 

Fruits  with  a soft  juicy  coat,  such  as  hips, 
By  Animals.  . J J ’ 1 ’ 

haws,  and  berries,  are  eaten  by  birds  and  the 

seeds  cast  out  of  the  body  perhaps  miles  away  from  the  spot 

where  the  parent  plant  was.  In  the  late  autumn,  it  is  quite 

usual  to  see  in  a hedge  the  remains  of  the  succulent  coat  of 

the  hip  or  haw,  many  of  the  achenes  enclosed  in  it  having 

been  carried  off.  Other  fruits  that  are  not  soft  or  juicy  have 

appendages  (awns)  with  hooks  or  bristles,  by  which  they 

become  attached  to  the  wool  of  sheep  and  other  animals,  and 

are  thus  carried  some  distance.  This  is  the  case  in  the  Gemn 

(Fig.  88),  and  a recent  observer  gives  instances  of  acorns 

carried  by  rooks  a mile  or  more  from  the  nearest  Oak-tree, 

generally  in  their  cups. 
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Seeds  Many  fruits,  in  dehiscing,  often  send  out  their 

scattered  on  . . ° . 

Dehiscence  of  seeds  with  an  explosive  movement,  lhis  is  the 

Fruits.  case  jn  the  Violet,  Ivy-leaved  Toadflax,  Balsam, 
Squirting  Cucumber,  and  Herb  Robert.  In  this  Geranium,  the 
carpel  springs  from  the  central  rod  and  sends  out  its  seeds 
(Lord  Avebury  says)  sometimes  to  the  distance  of  20  feet ; 
the  Dog-violet  scatters  its  seeds  1 0 feet ; and  the  Squirting 
Cucumber,  owing  to  the  pressure  of  the  liquid  inside,  20  feet. 


Fig.  98.— Fruit  of  Willow- 
herb  DEHISCING  AND  EX- 
POSING Seeds ; also  a 
DETACHED  SEED. 


....  ...  A 

Fig.  94— Pod  of  Cotton  de- 
hiscing and  showing  Seeds; 
also  a Single  Seed  with 
Hairs  for  dispersion. 


Many  pods  from  the  elasticity  of  their  walls  roll  up  in 
dehiscing,  and  thus  jerk  the  seeds  some  little  distance— for 
instance,  the  Sweet  Pea  ; whilst  in  some  Vetches  the  pod  twists 

like  a corkscrew  and  ejects  its  seeds. 

Many  fruits  and  seeds  have  the  power  of  floating 
By  water.  ^ watcr>  and  can  thus  be  carried  some  distance. 

Darwin  found  that  many  seeds  could  resist  the  effect  of  sea- 
water. and  would  germinate  even  after  being  immersed  thirty 
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days  or  more ; by  this  means  vegetation  must  often  have  been 
carried  from  a continent  to  an  outlying  island. 

In  some  cases,  appendages  for  dispersion  are 

liTlR71Q3<KvS  _ . « r 

attached  tc  attached  to  the  seeds  and  not  the  fruits.  Many 

Seeds.  are  furnishe(j  with  hairs.  One  of  the  best  known 
is  the  Willow-herb.  The  seed-vessel  splits  into  four  pieces, 
which  twist  back ; the  seeds  are  then  exposed,  and  are  seen 
to  be  provided  with 
delicate  hairs,  so 
that  the  slightest 
wind  wafts  them 
hither  and  thither. 

The  seed  of  the 
West  Indian  Cotton 
is  plentifully  pro- 
vided with  fibres, 
from  which  cotton 
is  made,  the  seed 
itself  not  being 
visible  when  the 
pod  first  bursts. 

Bignonia  alba  is  an  instance  of  a seed  with  a large  wing. 
The  pod  contains  hundreds  of  these  seeds. 


Fig.  95.  —Seed  of  Bignonia  Alba,  with 
Wing  for  dispersion. 


Dispersal  of  Fruits  and  Seeds. 


Agent. 


Wind 


Water 


Animals 


Organ.  Name  of  Plant. 

fFeathery  styles  of  fruit  ...  Clematis. 

Calyx  forming  a pappus  at-\D  , 
r tached  to  fruit  j-Uandelion. 

I Wine*  attached  to  fruit  ...  Ash,  Sycamore,  Maple. 

Wing  attached  to  seed  ...  Bignonia  alba. 

^Hairs  attached  to  seeds  ...  Cotton,  Willow-herb. 

("Seeds  or  fruits  furnished  with ) 

\ air-spaces  acting  as  floats  ) Water-lilies. 

/ Hooks  of  fruit ...  Geum. 

Succulent  coat  of  fruit  . Rose  Hawthorn, Privet, 

1 ( and  many  others. 


Explosive  / This  accompanies  the 
Action  (_  hiscence  of  certain  fruits 


de-\Violet,  Cucumber, 
its  ...J  Vetches,  etc. 


. 


PART  II 


CLASSIFICATION— ORDERS 


CLASSIFICATION 


85 


CHAPTER  XIII 

CLASSIFICATION  AND  ORDERS 

Living  organisms  are  classified  in  order  that  it  may  be 
possible  to  get  a bird’s-eye  view,  as  it  were,  of  their  number 
and  extent.  There  are  120,000  plants  known  to  botanists  at 
the  present  time.  If  these  thousands  of  plants  were  not 
grouped  together  in  any  way,  it  would  be  impossible  for  a 
botanist,  even  supposing  that  he  devoted  his  life  to  the  study 
of  botany,  to  obtain  the  knowledge  he  now  can  have  of  the 
Vegetable  Kingdom.  When  a botanist  finds  a plant,  or  reads 
of  one  that  is  not  familiar  to  him,  he  is  able  at  once  to  refer 
it  to  that  group  of  plants  which  it  most  nearly  resembles, 
and  thus  without  much  labour  he  forms  a general  idea  of  the 
structure  of  the  plant,  and  all  he  has  to  do  is  to  note  the 
peculiarities  in  structure  or  growth  of  that  particular  plant. 
It  would  be  quite  otherwise,  if  each  of  the  120,000  plants  had 
to  be  described  and  learnt  independently  of  each  other. 
Without  some  system  of  classification  it  is  impossible  to  make 
progress  in  the  knowledge  of  the  immense  number  of  forms 
of  life  that  exist. 

It  must  be  remembered  that  a system  of  classification  is 
never  final ; it  must  of  necessity  be  more  or  less  arbitrary 
and  likely  to  vary.  A plant  which  is  to  day  placed  in  one 
Order  may  subsequently  be  moved  out  of  it,  owing  to  the 
advance  in  the  study  of  botany. 

Linnsean  The  system  of  classification  drawn  out  (1725- 

System.  1730)  by  the  Swedish  botanist,  Linnteus,  was 
the.  one  most  generally  used  until  about  the  middle  of  the 
last  century.  His  system,  though  a great  achievement  for 
the  age  in  which  he  lived,  is  now  seen  to  be  more  or  less 
artificial : he  grouped  plants  together  according  to  the  number 
of  stamens  principally,  and  other  very  important  resemblances 
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or  dissimilarities  were  neglected.  Thus,  plants  with  a single 
stamen  were  called  Monandria;  plants  with  two,  Diandria ; 
with  three,  j>iandria;  and  so  on.  A single  character  of 
this  kind  is  not  a satisfactory  basis  of  classification.  In  the 

Natural  present  day  plants  with  a differing  number  of 

System.  stamens  will  be  grouped  together  if  they  re- 
semble each  other  in  mode  of  growth,  structure  of  androecium 
and  gynsecium,  and  other  general  characteristics.  The  plants 
belonging  to  the  Natural  Order,  Scrophulariaceaj,  afford  an 
instance  of  this.  Mullein  has  five  stamens,  Figwort  four,  and 
a scale  representing  the  fifth,  Speedwell  only  two ; but  these 
plants  are  all  grouped  in  the  same  Order  on  account  of  their 
characteristic  gynaecium  and  fruit. 

Flowering  plants  are  divided  into  two  great  divisions : 

1.  Gymnosperms  (Gk.  gymnos  = exposed  ; sperma  = a seed), 
in  which  the  carpellary  leaves  do  not  unite  to  form  an  ovary ; 
the  ovules  are  therefore  exposed.  (See  p.  44.) 

2.  Angiosperms  (Gk.  angos  = a vessel;  sperma  = a seed),  in 
which  the  carpels  do  unite  to  form  an  ovary,  so  that  the 
ovules  they  bear  are  contained  in  a chamber. 

Angiosperms  are  again  subdivided  into  Monocotyledons  and 
Dicotyledons. 

Monocotyledons,  as  the  name  implies,  have  one  cotyledon , 
no  tap-root;  their  stems  do  not  as  a rule  increase  in  thick- 
ness ; their  leaves  are  parallel- veined ; the  floral  leaves  are 
usually  three  in  each  whorl.  In  Dicotyledons  there  are  two 
cotyledons,  often  a well-marked  tap-root ; the  stems  do,  as  a 
rule,  increase  in  thickness ; the  leaves  are  generally  net- 
veined  ; and  the  floral  leaves  in  each  whorl  may  be  two,  four, 
or  five,  never  three. 

Monocotyledons  and  Dicotyledons  are  again  subdivided, 
each  subdivision  including  several  Orders,  of  which  only  a few 
can  be  given  in  this  book.  (See  table  on  next  page.) 

According  to  the  Natural  System  of  classification,  plants 
which  resemble  each  other  in  their  chief  characters  are  grouped 
together,  particular  attention  being  paid  to  the  androecium 
and  gyneecium,  less:  attention  to  the  number  of  floral  leaves. 


CLASSIFICATION 


87 


An  interesting  illustration  of  this  is  the  Clematis,  included  in 
the  Order  Ranunculacca).  The  typical  number  of  sepals  and 
petals  in  this  Order  is  five.  Clematis  has  four  sepals  and  no 
petals ; it  differs,  too,  from  the  rest  of  the  Order  in  being  a 
shrub,  and  in  having  compound,  opposite  leaves ; its  androecium 
and  gymecium,  however,  have  the  characters  of  the  Order. 

In  identifying  plants,  the  terms  “species  ” and  “genus  ” are 
used.  Botanists  are  not  agreed  as  to  what  exactly  constitutes 
a species,  but  the  ordinary  use  of  the  terms  may  be  illustrated 
by  comparing  plants  with  members  of  a family.  Each  member 
of  the  family  is  distinguished  from  the  rest  by  his  or  her 
name ; this  answers  to  the  specific  name  of  the  plant,  whilst 
the  surname  of  the  family  represents  the  generic  name.  A 
Dog-rose  is  named  Itusa  canina,  Rosa  being  the  name  of  the 
genus,  canina  of  the  species.  An  Order  may  contain  only  one 
genus,  or  a large  number  of  genera.  In  some  Orders  there 
are  far  more  differences  between  the  genera  than  in  others. 
Thus  in  the  Order  Labiatae  there  is  less  difference  between  the 
genera  than  in  the  Order  Rosacese. 


Flowering  Plants. 


I 

Oymnosperms 


Monocotyledons 

I 


Angiosperms 


Dicotyledons 

i 


I 

Nudi  florae 
(without  petals) 


l-l  I 

Petal  oidie  Polype  tala:  Gamopetalse  Apetalai 

(petals  free)  (petals  joined)  (without  pi  tala, 

Or  lers  : Orders  : 

I.iliaceas*  Ranunculacera  Compositie 

Amaryllidaceae  Crucifer#  Priinulaceae 

Iridaceaj  Caryophyliacea)  Borauinaceie 

Legumiuosaj  Scrophulariaceae 
Kosacese  Labiataj 

Umbellifene 


* In  this  table  only  those  Orders  described  in  this  book  are  given. 
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RANUNCULACEiE. 

T e Bhc  Buttercup  ( Ranunculus  bulbosus)  may  be 
ype’  taken  as  a type  of  this  Order. 

It  is  a perennial  herb  with  a stem  about  a foot  in  height, 
and  forming  a bulb  at  its  base.  Some  leaves  are  radfcal. 
1 lie  cauline  leaves  are  alternate,  simple,  and  verv  much 
divided.  The  inflorescence  is  a cyme;  the  flower  is  regular 
and  hypogynous  (Fig.  34). 

Calyx  (sepals)  : 5,  free,  inferior,  turning  back  as  soon  as  the 

flower  opens.  By  this  means 
it  is  easy  to  distinguish  this 
species  of  buttercup  from 
the  two  others  which  com- 
monly occur  in  meadows 
— Ranunculus  acris  and  re- 
pens. 

Corolla  (petals) : 5,  free, 
hypogynous,  glossy  yellow, 
with  a nectary  at  the  base  of 
each  petal. 

Andrcecium  (stamens): 
numerous,  free,  hypogynous, 
spirally  arranged. 

Gyncecium  (carpels) : numerous,  free,  superior,  one-seeded, 
placentation  basal. 

other  Other  common  plants  belonging  to  this  Order 

Plants.  are  . Water-crowfoot,  Lesser  Celandine,  Spearwort, 
Corn  Buttercup ; these  all  belong  to  the  genus  Ranunculus. 

Wood-anemone,  Marsh  Marigold,  Clematis,  are  also  very 
abundant.  Columbine,  Hellebore,  Monkshood,  Larkspur, 
Globeflower  are  found  wild,  but  not  commonly. 

Rue,  Pasque  Anemone,  Pheasant’s  Eye,  Mousetail,  Baneberry, 
Peony  are  very  local,  that  is,  they  are  found  wild  only  in  a 
few  spots  in  Britain.  Rue  and  Peony  are  much  cultivated  in 
gardens. 


iuG.  9ti.  — 1'  LuiiAL  Diagram  of 
Buttercup. 

The  dot  denotes  position  of  stem. 
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Character  ^ C0,liparis°n  °f  the  common  plants  mentioned 
isties  of  the  above  enables  us  to  form  some  idea  of  the  charac- 
0rder'  teristics  of  the  Order. 

1.  With  the  exception  of  Clematis,  which  is  a ^limbing 
shrub,  all  the  plants  are  herbs. 

2.  The  leaves  are  usually  simple  and  often  very  much 
divided.  They  are  often  radical,  and  when  cauline  they  are 
generally  alternate. 

3.  The  flowers  are  mostly  regular,  Larkspur  and  Monkshood 
being  the  two  chief  examples  of  irregular  flowers  All  the 
parts  of  the  flower  are  free.  The  stamens  are  numerous  and 
often  spirally  arranged. 


Figs.  97  to  100.— Petals  of  Ranunculus  Auricomus, 
showing  Nectaries. 
p,  jiocket  form  ; sc,  scale  form  ; t,  tubular. 


4.  The  fruit  is  compound,  generally  consisting  of  aclienes  or 
follicles.  Where  the  carpels  are  numerous  and  one-seeded, 
achenes  are  produced;  where  there  are  few  carpels  with  many 
seeds,  follicles. 

Comparison  of  The  Order  with  which  a beginner  is  likely  to 
laceae  with  cot'fuse  Ranunculaceae  is  Rosacese.  Many  of  the 
Rosacese.  flowers  of  these  Orders  arc  not  unlike  in  appear- 
ance, but  a careful  examination  shows  the  following  differences  : 

(a)  The  flower  is  hypogynous  in  Ranunculacese,  and  usually 
perigynous  in  Rosacese. 

(b)  The  stamens  in  Ranunculacese  are  usually  spirally 
arranged ; in  Rosaceie  they  are  whorled. 

Special  The  calyx  is  often  very  eonspicuous ; this  is 
structures,  the  case  in  the  Marsh  Marigold — the  yellow  floral 
leaves  are  sepals,  not  petals,  Hellebore,  Globeflower,  Clematis, 
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Anemone,  all  have  a conspieuous  calyx.  When  the  calyx  is 
petaloid,  the  corolla  is  either  absent  or  very  much  reduced. 


It  is  interesting  to  trace  the 
development  of  nectaries  in  this 
Order.  In  the  Buttercup,  they 
are  at  the  base  of  each  petal, 
underneath  a scale. 

The  petals  of  another  species 
of  Ranunculus  (R.  auricomus) 
show  a great  variety  : there  is 
the  scalelike  form ; then  each 
petal  may  have  pockets  at  the 
base  (Fig.  97)  ; or,  lastly,  the 
whole  petal  may  be  tubular. 

A comparison  of  this  species 
with  the  nectaries  of  the  Hellebore  helps  us  to  under  stand  how 
the  modification  of  the  petal  into  a tubular  nectary  has  arisen. 
In  the  Marsh  Marigold,  the  nectaries  occur  as  little  depressions 
on  the  sides  of  the  base  of  each 
carpel.  Some  few  plants  belong- 
ing to  this  Order  are  without 
honey. 

Clematis  should  be  carefully 
observed,  for  it  differs  in  many 
respects  from  the  other  genera. 

Its  petioles  are  modified  for 
climbing,  the  leaves  are  com- 
pound and  opposite.  There  are 
no  petals,  and  the  styles  are 
modified  into  organs  of  dis- 
persion. 


Fig.  102. — Gvx^ecii  m of 
Marsh  Marigold. 

n,  nectaries  on  each  carpel. 


Fig.  101.— Flower  of 
Hellebore. 

n,  petals  modified  into  tubular 
nectaries. 


The  Ranunculacese  belong  for  the  most 
Distribution.  the  temperate  zone.  Buttercups, 

Anemones,  Celandines,  so  familiar  to  English  children,  are 
unknown  to  those  living  in  tropical  countries,  for  the 
Ranunculaceie  are  hardly  found  in  the  tropics  except  on 
mountains. 
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CRUCIFERS. 


Wallflower. 

Type'  A herb,  stem  inclined  to  be  woody  at  its  base. 

Leaves : alternate,  sessile,  exstipnlate,  simple,  lanceolate, 
margin  entire,  apex  acute. 

Inflorescence : a raceme. 

Flowers : regular  and  hypogynous 

Calyx  (sepals)  : 2 + 2,  free,  inferior; 
the  lateral  sepals  bulge  out  owing  to 
the  nectaries  on  the  short  stamens. 

Coi'olla  (petals) : 4,  free,  hypogynous, 
cruciform. 

Andrcecium  (stamens) : 2 + 22,  free, 
hypogynous ; four  long,  two  short 


Nectaries  at  base  of  short 


Fig  103. — Floral  Dia- 
gram of  Wallflower. 


stamens, 
stamens. 

Gyncecium  (carpels)  : 2,  joined,  superior,  stigma  bifid;  style 
much  reduced;  placentation  parietal. 

Fruit,  a siliqua.  (See  Fig.  72.) 

The  number  of  floral  leaves  in  each  whorl  maybe  taken  as  two. 

This  is  clearly 
seen  in  the  calyx. 
In  the  corolla  the 
whorl  consists  of 
four  leaves  (pro- 
bably produced 
by  the  branching 
of  two)  in  the 
diagonal  plane 
(Fig.  103).  The 
stamens  are  in 
two  whorls,  the 
outermost  consist- 
ing of  the  two  short  stamens,  and  the  innermost  of  the  four 
long  stamens,  probably  derived  from  a primitive  form  which 
had  but  two.  The  gymecium  consists  of  two  carpellary  leaves. 


Fig.  104. — Longitudinal  Section 
of  Wallflower 
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Floral  formula  : K2  + 2,  0 x 4,  A2  + 22,  G®>. 

The  x before  the  4 denotes  that  the  petals  are  in  the 
diagonal  plane.  The  four  large  stamens  are  expressed  by  the 
formula  2Z  to  show  that  they  belong  to  the  same  whorl,  and 
have  probably  arisen  from  two  stamens.  One  reason  for 
this  theory  of  the  structure  of  the  Wallflower  is  that  the 
L1  umariacese,  an  Order  closely  allied  to  the  Cruciferae,  have  the 
stamens  arranged  in  two  groups. 

Charac-  This  Order  is  easily  distinguished  from  all 
teristics.  others  by  the  number  of  its  petals,  stamens, 
and  carpels  ; but  the  different  genera  are  only  determined  by 
a minute  examination  of  the  fruit  and  seed. 

Many  plants  are  articles  of  food,  thus  the  roots  of  the  radish 
and  turnip,  the  primary  shoots  of  the  cabbage  are  eaten, 
whilst  the  buds  in  the  leaf  axils  of  the  same  species  form 
Brussels  sprouts.  In  the  cauliflower,  the  inflorescence ; and 
in  mustard  and  cress,  the  cotyledons  are  articles  of  food. 

The  fruit  of  the  Cruciferae  is  either  a siliqua  or  silicula. 
Shepherd’s  purse,  Honesty,  Pennycress,  are,  perhaps,  the  best 
known  examples  of  the  latter. 

All  over  the  world,  but  scarce  in  the  tropics. 
Wallflower  and  Alyssum,  so  abundant  in  English 
gardens,  are  not  found  in  those  of  tropical  regions. 


Distribution. 


CARYOPHYLLACETE  ( the  Pink  Family). 

Stellaria  Holostea  (Great  Starwort  or 
TyPC’  Stitchwort). 

A perennial  herb,  with  opposite,  sessile  leaves. 

Inflorescence : a two-sided  cyme  (Fig.  53). 

Flowers : regular  and  hypogynous  (Figs.  67,  68). 

Ccdyx  (sepals) : 5,  free,  inferior. 

Corolla  (petals) : 5,  free,  hypogynous.  Each  petal  is  deeply 
indented. 

Androecium(  stamens):  10,  free,  hypogynous;  in  two  whorls. 

Cyncecium  (carpels)  : 3,  joined,  superior ; ovary  one-cclled. 

Fruit : a capsule  dehiscing  by  six  teeth.  The  fruit  of 
the  Stellaria  resembles  that  of  the  Lychnis  (Fig.  80),  except 
that  the  latter  dehisces  by  ten  teeth  instead  of  six,  as  it  is 
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formed  from  five  carpels  instead  of  three.  In  Fig.  80,  the 
persistent  calyx  should  be  noticed. 

Common  The  common  plants  belonging  to  this  Order 

Plants  are  the  Pinks,  Soapworts,  Campions,  White 
Lychnis,  Corn  Cockle,  Ragged  Robin,  Starworts,  Pearlworts, 
Sandworts,  and  Chickweeds.  The  last  three  are  often  very 
minute,  with  very  small,  white  flowers. 

1.  Opposite  leaves. 

Gh&r^c~  /j 

teristics  of  2.  A cymose  inflorescence,  usually  two-sided) 
(p.  52). 


the  Order. 


3.  The  petals,  when  present,  are  often  very  deeply  indented. 

4.  The  stamens  are  twice  as  numerous  as  the  petals,  and 
arranged  in  two  whorls. 


5.  The  fruit  is  a capsule,  dehiscing  at  the  top,  usually  by 
twice  as  many  valves  as  there  are  carpels  (p.  70). 

The  pollination  of  this  Order  is  interesting.  The  majority 
have  flowers  which  are  wide  open,  and  are  therefore  visited 
by  short-tongued  insects,  which  can  easily  get  the  honey 
secreted  at  the  base  of  the  stamens  Others,  as  for  instance, 
the  Pinks  and  Campions,  have  a tubular  calyx,  so  that  the 
honey  is  less  accessible,  and  can  be  obtained  only  by  long- 
tongued  insects.  Many  plants  belonging  to  the  Order  have 
white  flowers,  and  are  visited  by  insects  that  fly  at  night. 
These  flowers  open  in  the  evening  and  attract  by  their  sweet 
smell.  Lychnis  vespertina  and  Silene  nutans  (Nottingham 
Catchfly)  are  the  best  known  instances  of  this. 

The  androecium  is  often  ripe  before  the  gynsecium,  so  that 
cross-pollination  is  insured  in  the  case  of  insect  visits  (p.  59). 

Mostly  in  the  temperate  regions  of  the 

Distribution.  ,T  . Tt  • i 1 . 

.Northern  Hemisphere,  extending  even  to  the 
Arctic  circle  : rare  in  the  tropics. 


LEGUMINOSTE  OR  PAPILIONACE^h 
.Sweet  Pea. 

Type. 

An  annual,  climbing  by  means  of  its  tendrils. 
Leaves  compound,  pinnate,  stipulate,  the  last  two  pairs  of  leaf- 
lets and  the  terminal  one  being  modified  into  tendrils  (Fig.  32). 
Inflorescence  axillary,  two  (or  more)  flowers  on  each  branch. 
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Flowers  irregular  and  pcrigynous. 

Calyx  tubular ; the  number  of  sepals  is  indicated  by  the 
teeth — three  anterior,  two  posterior. 

'J  he  corolla  is  very  characteristic  of  this  Order,  as  known  in 
temperate  regions.  it  consists  of  five  petals : one  large 
posterior,  overlapping  the  others  : this  is  the  standard.  Next 

.wo lateral  petals 
overlapping  the 
two  anterior,  and 
called  the  wings. 
The  two  inner 
most  anterior 
petals  are  often 
joined  together 
until  pollination 
takes  place,  they 
are  boatlike  in 
shape,  and  are 
therefore  called 
the  keel.  The 
whole  corolla  is 
said  to  be  'papilionaceous  (Lat.  gapilio  - a butterfly),  from  its 
supposed  resemblance  to  a butterfly  with  its  wings  folded. 


Fig.  105.  — Papilionaceous  Corolla. 
st,  standard  ; w,  wings  ; k,  keel. 


i 

Vjij.  ,urt. — Losorrum nal  Section 
of  Sweet  Pea. 


Fig.  107.— Floral  Diagram 
of  Sweet  Pea. 


The  androecium  consists  of  ten  stamens,  nine  of  which  in 
the  Sweet  Pea  are  joined  by  their  filaments,  forming  a tube 
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enclosing  the  gynsecium.  The  posterior  stamen — that  is.  the 

one  opposite  the  standard — is  free. 

In  order  to  see  that  the  corolla  and  andrcecium  are  perigynous, 

the  flower  should  be  cut  vertically  in  the  median  line  (Fig.  106). 

It  will  then  be  evident  that  the  petals  and  staminal  tube  are 

attached  to  the  edge  of  a shallow  cup  shaped  receptacle. 

Gyacecium  : one  carpel,  superior. 

Fruit : a pod  or  legume. 

This  may  be  observed  in  the  Broom  (Cytisus 
Pollination.  • n ■,  na  l xl  a a 

scopanus).  rig.  108  shows  the  flower  unopened, 

with  the  keel  in  a state  of  tension  almost  parallel  to  the 

standard.  An  insect  alighting  on  the  wings  of  the  corolla, 

and  thrusting  its  head  below  the  standard,  presses  down  the 


Fu;s.  10J  to  110. — Pollination  of  Broom  ( Cytisus  scoparius). 
108.— Keel  in  state  of  Tension.  109. — Keel  depressed  and  Four 
Stamens  protruding.  110. — Side  View  of  Andrceciu1”  and 
GYNiECIUM  AT  SAME  STAGE. 

keel  (Fig.  109),  the  upper  edge  of  which  splits  ; the  four  outer 
stamens  spring  out,  and  the  under  side  of  the  bee’s  body  gets 
dusted  with  pollen.  Meanwhile  the  keel  goes  on  splitting,  and 
as  soon  as  the  split  reaches  the  part  where  the  point  of  the  style 
lies,  it  springs  up.  striking  the  back  of  the  bee,  which  is  covered 
with  pollen  from  another  flower ; thus  the  stigma  is  pollinated. 

The  other  five  stamens  then  explode  more  violently  than 
the  first,  depositing  more  pollen  on  the  bee’s  back  ; this  will  be 
carried  to  another  flower.  Cross  pollination  does  therefore  take 
place,  and  Darwin  noted  that  if  insects  did  not  visit  this  flower,  it 
seldom  made  seed.  (“  Fertilisation  of  Flowers,”  Muller,  p.  195.) 
other  The  plants  belonging  to  this  Order  are  very 
Plants,  varied  in  their  growth;  some  are  creeping — e.tj., 
Clover  ; others  are  climbing,  some  by  means  of  their  tendrils — 
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Sweet  Pea,  Vetch;  Scarlet  Runner  by  means  of  its  stems; 
Lathyrus  aphaca  by  its  petioles  (Plate  I.,  Fig.  33).  Some  are 
shrubs — Genista,  Broom,  Gorse,  and  these  three  are  spinous ; 
others  are  trees,  as  Laburnum  and  many  tropical  genera. 

Special  The  papilionaceous  corolla  is  an  invariably 

Structures.  constant  feature  of  this  Order  in  Britain.  In 
South  Europe  and  in  the  tropics,  many  shrubs  and  trees 
belonging  to  the  Order  have  not  a papilionaceous  corolla.  Of 
these  the  best  known  in  England  is  the  Mimosa,  or  Sensitive 
plant,  characterised  by  its  day  and  night  movements  (Figs. 
149,  150). 

In  some  genera  of  this  Order  the  ten  stamens  are  all  joined, 
as  in  the  Furze,  Broom,  Genista,  Rest-harrow,  Lady’s-fingers. 
In  the  Clover  the  corolla  is  attached  to  the  staminal  tube,  not 
to  the  receptacle. 

The  fruit  is  usually  a legume,  but  in  the  Acacia  and  some 
other  genera  the  pod  dehisces  transversely,  each  portion  con- 
taining one  seed.  The  black,  spirally  twisted  fruit  of  the 
Medick  may  be  noticed. 

Next  to  the  Composite  this  is  the  most 
extensive  Order  of  Flowering  Plants,  and  is  dis- 
tributed over  the  whole  globe. 


Distribution. 


ROSACEA. 

The  genera  included  in  this  Order  differ  from  each  other 
more  than  is  usually  the  case,  owing  to  the  varied  forms  of 
the  receptacle.  The  flowers  are,  with  the  exception  of  the 
Apple  group,  perigynous  ; the  receptacle  is  often  hollowed  out, 
enclosing  the  carpels. 

The  following  plants,  Blackthorn,  Rose,  Apple,  may  be 
taken  as  types  of  the  three  tribes  into  which  many  botanists 
group  the  different  genera  belonging  to  the  Order. 
Blackthorn. 

Type  I.  division  belong  the  Plum,  Cherry,  Almond. 

Blackthorn  is  a shrub,  or  tree,  with  branches  converted  into 
spines,  or  thorns  (p.  27).  The  flowers  come  out  before  the 
leaves,  are  therefore  very  conspicuous,  and  attract  insects. 
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Flower. 


Pollination. 


Fig.  111.  Floral  Diagram 
of  CHERRY. 


Calyx  (sepals) : 5,  free,  perigynous. 

Corolla  (petals) : 5,  free,  perigynous. 

Andrcecium:  stamens  numerous,  free,  pengynou.- 
Gyncecium : one  carpel,  enclosed 
in  the  receptacle,  but  not  united  to 
it,  therefore  superior  ; two  ovules. 

This  is  an  example 
of  a plant  in  which  the 
gymecium  is  ripe  before  the  androe- 
cium,  and  as  the  flowers  are  very  con- 
spicuous, insects  are  attracted,  and 
cross-pollination  usually  takes  place. 

In  the  absence  of  insect  visits  self- 
pollination  may  occur,  the  pollen  from 
the  shorter  stamens  which  dehisce  later,  falling  on  the  stigma. 

The  fruit  of  the  Blackthorn,  Plum,  and  Cherry,  is  a drupe 
(Fig.  82).  After  pollination  the  receptacle  drops  off,  the  wall 
of  the  ovary  becomes  differentiated  into  three  layers,  which 
give  rise  respectively  to  the  skin,  the  succulent  portion  and 
the  hard  stone. , Within  this  is  the  seed  or  kernel.  One  of 
the  two  ovules  does  not  develop. 

t— -- — -1  Dog-rose. 

. Type  11  The  differences  between 

this  type  and  the  former  are  : 

1.  The  number  of  carpels,  which 
are  usually  numerous,  though  some- 
times otdy  two  or  three,  seldom 
one. 

2.  The  recentacle  does  not  drop 
off  after  pollination,  consequently 
it  forms  a part  of  the  fruit ; thus 
in  the  hip,  the  red  tube  containing 

the  hard  nutlets  is  the  receptacle.  The  nutlets  are  formed 
from  the  carpels,  and  arc  of  the  nature  of  achcnos. 

In  other  respects  the  Rose  resembles  the  Blackthorn  ; its 
sepals,  petals,  stamens  are  perigynous ; its  stamens  are 
numerous  and  its  gymccium  superior. 


Fig 


112. — Floral  Dia- 
gram of  Rose. 
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For  median  vertical  section  of  the  Rose  see  Plate  VI.,  Fig.  113. 
This  tribe  includes  a large  number  of  genera,  the  most 
common  of  which  are  given  in  the  following  table  for  refer- 
ence. 

Order,  Rosace.® — Tribe  II. 


Name. 

Number  op  j 
' Carpers.  j 

Receptacle.  ! 

Fruit. 

Remarks. 

1.  Spiraea 

3 to  5 Flat 

Follicles 

Fruit  spirally 

twisted 

2.  Geurr 

Numerous 

Conical  and  Achenes 

Fruitprovided 

dry 

crowded  on 

with  hooked 

receptacle 

awns  for 

dispersion 
(Fig.  88) 

3.  Blackberry 

Numerous 

Conical  and 

Little  drupes 

Plate  Vi.,  Fig. 

and  raspberry 

dry 

(drup  els) 
crowded  on 

114 

receptacle 

4.  Dog-rose 

N umerous 

Succulent, 

Achenes  en- 

urnlike 

closed  in 
receptacle 

Potentilla 

Numerous 

Slightly 

Achenes  on 

swollen 

receptacle 

6.  Strawberry 

Numerous 

Very  much 

Achenes  on 

swollen  & 
succulent 

receptacle 

7.  Ladies’  mantle 

1 or  2 

Hollowed 

Achenes  en- 

No  petals 

(Alcliemilla) 

out 

closed  in 
receptacle 

3.  Great  Burnet 

1 or  2 

Hollowed 

Achenes  en- 

No  petals 

( Sani/uisorba ) 

out 

closed  in 
receptacle 

9.  Salad  Burnet 

1 or  2 

Hollowed 

Achenes  en- 

No  petals 

(Poterium) 

out 

closed  in 
receptacle 

10.  Agrimony 

2 

Hollowed 

out 

Achenes  en- 
closed in 

Fruit  covered 
witli  bristles 

1 

receptacle 

Fig.  113.  Median  Vertical  Section  of  Flower  ce  Rose. 

Fig.  114. — Median  Vertical  Section  of  Flower  ob  Blackberry. 
Fig.  115. — Median  Vertical  Section  of  Flower  of  Flum. 

Fig.  116. — Median  Vf.rtical  Section  of  Flower  of  Apple, 
tc . receptacle  ; ov,  ovary  ; o,  ovule. 
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Type  III. 


APPLE. 

This  genus  lias  epigynous  flowers,  for  the  walls 
of  the  carpels  are  united  with  the  receptacle,  which  grows 
enormously  and  is  succulent.  The  gynaecium  is  thus  inferior 
(Plate  VI.,  Fig.  11G). 

For  structure  of  fruit  see  p.  74  and  Figs.  84,  85. 

Hawthorn  differs  from  the  apple  in  the  number  of  carpels, 
generally  two,  and  in  the  hardness  of  their  walls,  so  that  the 
haw  cannot  so  easily  be  cut  across  with  a knife  as  the  apple. 

Pear  is  similar  in  structure  to  the  apple. 

General  1-  Many  are  shrubs,  or  even  trees. 

cturac-  2.  Leaves  alternate,  usually  stipulate. 

teristics.  3 With  the  exception  of  apple  and  its  allied 
genera  the  flowers  are  perigynous. 

4.  Many  have  an  epicalyx,  formed  from  appendages  of  the 
sepals. 

5.  The  flowers  are  regular. 

Very  wide,  but  not  so  extensive  as  that  of 

Leguminosse.  On  the  whole,  this  Order  is  more 
abundant  in  temperate  than  in  tropical  regions. 


Distribution. 


UMBELLIFERFE. 

Cow  Parsnip  ( Heracleum  sphondyhum). 

Type.  . ' 

A coarse  herb,  with  stout  stem  and  hollow  inter- 
nodes ; simple  pinnately  divided  leaves,  of  which  the  sheaths 
are  very  large. 

Inflorescence  : a compound  umbel  (p.  52,  Plate  II.,  Fig.  50). 

Flowers : epigynous  (Fig.  44)  and  irregular,  the  anterior 
petal  being  larger  than  the  posterior  ones. 

Calyx  (sepals)  : reduced  to  a mere  rim  above  the  gyntecium. 

Corolla  (petals)  : 5,  free,  epigynous  ; the  petals  are  notched. 

Androecium  (stamens):  5,  free,  epigynous;  the  stamens 
alternate  with  the  petals,  the  anthers  dehisce  introrsely. 

Gyncecium  (carpels):  2,  joined,  inferior;  seeds  two;  the 
styles  unite  at  their  base  to  form  a disc— the  nectary. 

Fruit ; a schizocarp  (p,  73,  Fig.  87). 
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The  wall  of  the  fruit  has  canals  filled  with  an  oily  sub- 
stance; the  seeds  are  albuminous. 

Charac-  T The  leaves  arc  usually  coarse  and  pinnately 

teristics  of  divided. 

the  Order.  2.  The  jnfloresccnce  is  usuaHy  a compound 
umbel,  hence  the  name  of  the  Order. 

3.  The  flowers  are  small  and  white. 

4.  The  gynaecium  is  inferior. 

5.  The  fruit  is  a schizocarp. 

Although  the  Order  is  quite  easily  recognised,  the  identifi- 
cation of  the  genera  which  belong  to  it  is  far  more  difficult, 
for  the  distinctions  between  them  depend  on  minute  differ- 
ences in  the  fruit  and  seed,  such,  for  instance,  as  the  number 
of  the  oil  canals,  the  presence  or  absence  of  ridges  in  the 
fruit,  etc. 

This  Order  is  largely  visited  by  insects,  for  its  honey  is 
exposed,  and  therefore  easily  accessible.  Then  the  flowers, 
though  usually  minute,  are  crowded  together  in  umbels  ; this 
renders  them  conspicuous,  and  allows  of  many  being  fertilised 
at  the  same  time.  As  regards  frequency  of  insect  visits,  this 
Order  ranks  next  to  the  Compositse,  but  the  honey  is  not  so 
well  protected  from  rain,  therefore  the  arrangements  for 
pollination  have  reached  a greater  state  of  perfection  in  the 
Compositae  than  in  the  Umbelliferae. 

Many  of  the  Umbelliferae  are  used  for  food ; for  instance, 
the  root  of  Carrot  and  Parsnip,  the  leaf-stalks  of  Celery,  the 
seeds  of  Caraway  and  Coriander ; but,  as  a rule,  the  Umbel- 
liferae are  poisonous.  * 

All  over  the  world,  especially  in  West  Asia 
Distribution.  an(j  a}ong  the  Mediterranean.  The  Order  is 

less  abundant  in  the  tropics  and  northern  latitudes. 


COMPOSITE. 

The  so-called  flowers  of  the  plants  belonging  to  this  Order 
are  all  inflorescences ; the  true  flowers  are  sessile  on  a dilated, 
flattened  receptacle,  protected  by  an  involucre  of  bracts, 
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which  plays  the  part  of  a calyx  to  the  whole  flower-head, 
protecting  the  bud  and  the  young  fruit.  I he  inflorescence  is 
a capitulum,  or  head ; the  flowers  are  often  small,  and  are 
therefore  called  florets. 

Type  of  In  some  of  the  Compositse  these  florets  are 

Ligulatse.  all  like  each  other.  Thus  in  the  dandelion,  each 
floret  consists  of  hair-like  sepals;  of  a corolla  of  five  petals 
indicated  by  the  teeth  at  the  apex  of  the  corolla;  of  five 
stamens  joined  by  their  anthers,  and 
therefore  described  as  syngenesious 
(Grk.  syn  = together,  with  ; genesis  = 
growth,  origin) ; and  of  an  inferior 
gynsecium,  of  two  carpels  forming  an 
unicellular  ovary,  containing  one  ovule. 

The  style  passes  through  the  tube 
formed  by  the  anthers  and  then 
divides,  so  that  there  are  two  stigmatic 
surfaces.  The  flower  is  epigynous. 

Plants  which  have  capitula  bearing 
only  one  kind  of  florets  belong  to  the 
division  of  the  Compositse,  called  Ligu- 
latse, from  the  strap-shaped  corolla. 

Dandelions,  Hawkweeds,  Hawkbits,  are 
the  chief  representatives  of  this  group. 

Many  of  the  Compositse,  however, 
have  inflorescences  bearing  two  sets  of 
florets ; the  inner  ones  are  known  as 
the  disc  florets,  the  outer  as  the  ray 
florets.  The  corollas  of  these  latter  are  often  strap-shaped, 
whilst  the  disc  florets  are  usually  tubular. 

Those  Compositse  which  have  some  or  all  the  florets  tubular 
belong  to  the  division  Tubuliflorse,  to  distinguish  them  from 
those  genera  in  which  all  the  florets  arc  ligulate.  In  some  of 
the  Tubuliflorae  the  ray  florets  are  absent,  as  in  Groundsel. 
Very  often  the  ray  florets  have  no  stamens,  as  in  the  Daisy 
( Beilis  perennis),  Coltsfoot,  Yarrow,  Cornflower,  and  in  these 
instances  the  corollas  arc  specially  developed  to  attract 

8 


Fig.  117.  — Floret  of 
Dandelion. 


ov,  ovary  ; p,  pappus, 
representing  calyx ; c, 
corolla  ; f filaments  of 
stamens  ; a,  anthers  ; 
sg,  stigmas. 
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insects.  Sometimes,  as  in  the  Cornflower,  the  outer  florets 
have  neither  stamens  nor  carpels,  and  their  only  function  is 
to  attract  insects. 

The  disc  florets  are  provided  with  stamens,  and  usually  with 


Fig.  118. — Median  Vertical  Section  of  Capitulum 
of  Doronicum. 

r.f,  ray  florets  ; d.f,  disc  florets  ; i.r,  inflorescence-receptacle  ; 
inv,  involucre. 


carpels,  so  that  they  make  fruit.  In  Coltsfoot,  the  disc  florets 
do  not  make  fruit,  only  the  ray  florets. 


Fig.  119.— Ray  Floret  of 
Doronicum. 

c,  corolla  ; sg,  stigmas  ; ov,  in- 
ferior ovary. 


Fig.  120.— Disc  Floret  of 
Doronicum. 

c,  corolla  ; p,  pappus,  represent- 
ing calyx  ; a,  anthers ; sg, 
stigmas;  ov,  ovary. 


On  the  whole,  then,  we  may  say  that  division  of  labour 
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has  taken  place  in  the  Composites : the  ray  florets  attract 
insects,  the  disc  florets  make  pollen  and  produce  fruit. 

Type  of  1,1  Leopard’s  bane  ( Uoronicum ),  both  disc  and 

Tubuiiflorse.  ray  florets  are  present. 

Inflorescence:  a capitulum. 

Involucre : composed  of  linear  bracts. 

Receptacle : without  scales. 

Hay  floret:  Calyx  absent;  petals  5,  joined,  epig/nous 
stamens  absent;  Gymecium  (carpels),  2,  joined,  inferior. 

Disc  floret : Calyx,  consisting  of  hairs,  forming  a pappus. 
Corolla  (petals)  5,  joined,  epigynous; 

Androecium  (stamens),  5,  syngenesions,  ° 

epipetalous;  Gynsecium  (carpels),  2, 
joined,  inferior;  Ovary  one -celled, 
ovule  1,  styles  2. 

The  Composite  are 
Pollination.  . , 

particularly  well  adapted 

by  the  structure  of  the  flower  for 

insect-pollination.  (1)  The  flowers 

are  associated  together  in  heads,  so 

that  an  insect  can  pollinate  many  in 

a short  time.  (2)  The  honey  is  secreted  by  the  nectary  at 

the  base  of  the  style,  and  collects  in  the  corolla  tube, 

gradually  rising  towards  the  mouth,  so  that  all  insects, 

except  very  short-lipped  ones,  can  reach  it.  (3)  There  is  no 

waste  of  pollen,  for  the  anthers  dehisce  introrsely.  If  even 

insects  are  scarce — and  after  a long  severe  winter  this  may 

be  the  case — the  Composite  stand  a better  chance  of  being 

visited  than  almost  any  other  flowers,  for  their  being  associated 

together  in  heads  renders  them  very  conspicuous. 

Cross-pollination  is  insured  in  some  cases  by  the  andrceciurr 
developing  before  the  gymecium,  but  as  a rule  the  Composite 
can  pollinate  themselves  if  cross-pollination  does  not  take 
place.  This  is  well  seen  in  the  Dandelion.  The  stylo,  which 
is  covered  with  hairs  on  its  surface,  pushes  its  way  up  through 
the  tube  formed  by  the  union  of  the  anthers,  and  thus  gets 
covered  with  pollen,  for  the  anthers  dehisce  introrsely.  Then 


Fig.  121.  — Fi.oiiai.  Dia- 
oram.  Disc  Fi.oiikt 
Doronicum. 
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Charac- 
teristics of 
the  Order. 


emerging  from  the  anther  cylinder,  the  style  divides,  exposing 
its  stigmatic  surfaces — the  inner  ones.  In  the  case  of  insect 
visits  the  stigmas  are  cross-pollinated,  but  if  insect  visits  do 
not  occur  the  stigmas  bend  outwards,  curving  until  their  tips 
touch  the  hairs  on  the  outer  surface  of  the  style,  and  self- 
pollination  then  takes  place. 

1.  Usually  herbs ; trees  and  shrubs  are  com 
parativcly  rare.  This  is  remarkable  when  the 
enormous  number  of  plants  belonging  to  the 
Order  is  remembered. 

2.  Inflorescence,  a capitulum.  Each  so-called  flower  is  a 
inflorescence. 

3.  Stamens  united  by  their  anthers  (syngenesious). 

4.  Gynsecium  inferior,  ovary  one-celled,  containing  one 
basal  ovule. 

5.  Fruit  is  generally  called  a cypsela  (Gk.  kupsele  = a hollow 
vessel),  to  distinguish  it  from  those  achenes  which  are  formed 
from  a single  carpel  and  a superior  ovary. 

6.  Calyx  forms  a pappus  and  becomes  an  organ  of  disper- 
sion of  the  fruit. 

This  is  the  most  widely  distributed  of  all 
Distribution.  _ , . . 

Orders,  and  is  also  the  most  extensive ; it 

includes  as  many  as  800  genera,  many  of  which  are  cultivated 
plants,  as  Sunflower,  Jerusalem  Artichoke,  Dahlias,  Zinnias, 
Marigolds.  The  number  of  genera  indigenous  to  Britain  is 
over  forty. 

It  is  interesting  to  inquire  why  this  Order  should  be  so 
abundant.  It  has  been  suggested  that  the  reason  lies  in  the 
perfection  of  its  arrangements  for  pollination,  due  (1)  to  the 
massing  of  the  flowers  in  heads,  and  (2)  to  the  structure  of 
the  flower,  which  is  adapted  for  visits  from  all  insects  except 
the  very  short-lipped  ones,  and  which  at  the  same  time  pro- 
tects the  honey  and  pollen. 

The  provision  of  the  Composite  for  the  dispersion  of  their 
fruits  must  also  be  taken  into  consideration  in  accounting  for 
the  extensive  distribution  of  the  Order. 
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PRIMU  L ACEiE. 

The  Primrose  ( Primula  vulgaris). 

Type  A herb,  with  radical,  simple,  undivided  leaves. 

Inflorescence:  flowers  apparently  solitary,  but  really  forming 
an  umbel,  the  common  stalk  being  short  and  concealed  by  the 
leaves. 

Flowers : regular  and  hypogynous. 

Calyx  (sepals) : 5,  joined,  inferior. 

Corolla  (petals) : 5,  joined,  hypogynous. 

Andrcecium  (stamens) : 5,  free,  upon  the  petals  ; opposite  to, 
not  alternate  with,  the  petals. 

Gyvcecium  (carpels) : 5,  joined,  superior ; placentation  free 
central  (Fig.  39). 

It  is  not  possible  to  see  that  there  are  five  carpels  without 
the  microscope,  but  as  the  fruit  dehisces  by  ten  teeth,  it  may 
be  assumed  that  there  are  five  carpels.  Compare  with  this 
the  number  of  carpels  and  dehiscence  of  the  capsule  in  the 
Order  Caryophyllaceie,  p.  92.  In  the  Pimpernel  five  carpels 
may  be  seen. 

The  Primrose  has  two  forms  of  flowers,  and  is,  therefore, 
said  to  be  dimorphic  (Ok.  di  = two  : morphos  = form),  Figs.  62, 
63.  This  insures  cross-pollination  (p.  60). 

The  Cowslip,  another  species  of  the  genus  Primula,  has  an 
umbel  of  flowers.  The  Oxlip  differs  from  the  Cowslip  in 
having  a broader  and  flatter  corolla  ; it  is  much  less  abundant 
than  the  Cowslip,  requiring  richer  soil.  The  Cowslip,  Oxlip, 
and  all  the  species  belonging  to  the  genus  Primula,  have 
dimorphic  flowers.  t 

Other  common  plants  belonging  to  this  Order  are  the 
Pimpernels  (Fig.  42),  the  Lysimachias,  of  which  the  Creeping 
Jenny  and  Wood  Lysimachia  are,  perhaps,  the  best  known. 
The  latter  closely  resembles  the  Common  Pimpernel,  but  is 
yellow,  not  red. 

Cyclamen,  found  wild  commonly  in  Switzerland,  is  much 
cultivated  in  England;  its  drooping  flowers,  with  the  petals 
turned  upwards,  easily  distinguish  it  from  other  genera. 
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Sea-milkwort  ( Glaux  maritima)  is  common  or  British 

U-  )cLSt>S. 

Charac-  ^ whoi'l  of  the  flower  consists  of  five 

teristics  of  leaves. 

2.  The  stamens  are  opposite  to,  not  alternate 
with,  the  petals,  which  are  always  joined. 

3.  Gyneecium  superior ; placentation  free  central. 

4.  Fruit,  a capsule,  usually  dehiscing  by  teeth. 

Chiefly  in  the  Northern  Hemisphere.  Prim- 
Distribution.  ! /-I  T . , . . 

roses  and  Cowslips  are  not  found  m the  woods 

and  meadows  of  tropical  countries. 


Type. 


BORAGINACE^E. 

Common  Borage  (B»rago  officinalis). 

A hairy  plant,  with  simple  oblong  leaves. 
Inflorescence : a one-sided  cyme  (Fig.  52,  p.  52). 

Flowers:  blue,  regular,  hypogynous. 

Calyx,  (sepals)  : 5,  joined,  inferior. 

Corvlla  (petals) : 5,  joined,  hypogynous.  The  tube  of  the 
corolla  is  very  short,  with  scales  at  the  mouth. 

Andrcecium  (stamens)  : 5,  free,  on  the  petals,  and  alternat- 
ing with  them.  The  anthers  form  a cone  and  dehisce 

o 

introrsely. 

Gyncecium  (carpels):  2,  joined,  superior;  ovary  four- 

divisioned. 

Fruits : four  nutlets,  as  in  Labiatse. 

Borage  is  largely  cultivated  for  bee-feeding. 

Other  common  plants  belonging  to  this  Order  are  : Viper’s 
Bugloss,  Gromwell,  Forget-me-not,  Comfrey,  Hound’s  Tongue. 
They  all  have  rough,  coarse,  hairy  leaves,  usually  alternate 
and  exstipulate.  Alkanet  and  Heliotrope  are  commonly 
grown  in  gardens. 

The  structure  of  the  flowers  shows  adaptation 
Pollination  insect  visits.  The  corolla  tube  is  short, 

generally  with  scales  at  the  mouth,  so  that  the  honey  is 
protected.  The  corollas  are  conspicuous,  being  usually  red, 
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violet,  or  blue,  so  that  insects  are  attracted ; there  are  often 
special  markings  or  “ path-finders  ” to  direct  the  insect. 
The  anthers  dehisce  introrsely.  The  insect,  in  getting 
the  honey  from  the  bottom  of  the  corolla-tube  beneath 
the  ovary,  gets  dusted  with  pollen,  which  it  deposits  on 
the  stigma  of  another  flower ; thus  cross-pollination  takes 
place. 

This  Order  is  closely  allied  to  Labiatse,  but  is  easily  dis- 
tinguished from  it  by  the  regular  corolla.  The  essential 
differences  which  separate  these  two  Orders  are  given  on 


p.  112. 
Distribution. 


Chiefly  in  the  Northern  Hemisphere  , rare  in 
the  tropics. 


SCROPHULARIACEEE. 


Type. 


Fig  wort. 

A herb,  with  square,  upright  stem  • leaves 
opposite  and  decussate — that  is, 
one  pair  of  leaves  is  on  two 
sides  of  the  stem,  the  next  pair 
on  the  other  two  sides,  and  so  on. 

Inflorescence  : axillary  cymes  ; 
flowers  irregular  and  hypogy- 
nous. 

Calyx  (sepals)  : 5,  joined,  in- 
ferior. 

Coi'olla  (petals) : 5,  joined, 

lhypogynous. 

Andrcecium,  (stamens) : 4,  free, 
epipetalous.  The  fifth  stamen 
is  represented  by  a staminode  on 
the  posterior  side  of  the  flower. 

GyncBcium  (carpels) : 2,  joined, 
superior.  Stigma  bifid,  placenta- 
tion  axile. 

Fruit:  a capsule  with  persistent  calyx  (Plate  TV.,  Fig.  75). 


Fig.  122. — Longitudinal 
Section  of  Foxglove. 


no 
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Pollination  The  gynaecium  matures  before  the  androeciura 
p.  59). 

A comparison  of  the  different  genera  shows  that  in  this 
'h'Jer  the  stamens  are  often  suppressed.  The  number  that 


Fios  123  to  125.— Floral  Diagrams  ok  Scrorhl'lakiace.E. 
123—  Flowokt.  124. — Mullein.  125. — Vero-nica. 


one  would  expect  to  find  is  five,  for  there  are  five  sepals  and 
five  petals.  Mullein  has  five  stamens  ; Figwort  four  and  astami- 

node  ; Veronica  two  only.  Com- 
paring Veronica  (Figs.  125  and 
126)  with  a typical  scrophulari- 
aceous  flower  (Fig.  124),  we  note 
that  the  anterior  petal  is  the 
smallest ; the  posterior  probably 
represents  two  petals.  The  pos- 
terior median  sepal  is  missing. 
The  fifth  stamen,  the  posterior 
one,  is  naturally  suppressed,  as 
in  many  of  the  Scrophulariacese, 
and  in  addition  the  two  anterior 
ones. 

This  "brier  is  also  characterised  by  its  variety  of  corolla ; 
often  it  is  two-lipped,  as  in  Figwort,  Cow-wheat,  Rattles, 
Rartsia,  Snapdragon,  Toadflax,  Foxglove,  Eyebright.  In 
Veronicas  and  Mulleins  it  is  rotate  • Toadflax  is  spuried. 

Many  are  semi  parasitic  plants,  having  green  leaves,  but 
swellings  on  their  roots  by  which  they  attach  themselves  to 
other  plants  and  obtain  nourishment  from  them.  Eyebright, 


Fig.  12t>. — Corolla  of 
Veronica. 
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Fig.  127. — Corolla  of 
Mullein. 


Fig.  128.  — Corolla  of 
Toadflax. 


gardens — Calceolaria,  Snapdragon,  Gloxinia,  Foxglove. 

Over  the  whole  globe,  but  more  especially  in 
the  temperate  zone. 


Distribution. 


Cow-wheat,  the  Rattles,  Bartsia,  are  the  best  known  examples 
of  this. 

Many  plants  belonging  to  this  Order  are  cultivated  in 


LABIATFE. 

Dead  Nettle. 

A perennial  herb  with  square  stem,  leaves 
opposite  and  decussate. 

Inflorescence : axillary  cymes,  generally  described  as  verti- 
cillasters  or  false  whorls,  because  the  flowers  are  so  numerous 
and  crowded  together  that  they  appear  at  first  sight  to  come 
off  from  all  sides  of  the  stem. 

Flower : irregular,  hypogynous. 

Calyx  (sepals) : 5,  joined,  inferior. 

Corolla  (petals) : 5,  joined,  hypogynous.  The  corolla  is 
bilabiate,  or  two-lipped ; one  anterior  petal  forms  the  lower 
lip.  There  arc  two  lateral  petals  and  two  posterior  which 
form  the  upper  lip. 

Andrcecium  (stamens) : 4,  attached  to  the  petals.  If  care- 
fully pulled  down  it  will  be  seen  that  they  are  attached  to 
the  two  lateral  and  the  anterior  petals,  none  to  the  posterior. 

Gyniecium  (carpels)  : 2.  joined,  superior,  two  stigmas.  Each 
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carpel  of  the  gynsecium  becomes  subdivided  into  two  chambers, 


each  containing  one 
plane  ; this  is  clear 


Pollination. 


ovule.  The  carpels  unite  in  the  lateral 
from  the  situation  of  the  two  stigmas  in 
the  median  plane.  The  style  arises 
from  the  base  of  the  gynaecium, 
and  is  therefore  described  as  gyno 
basic. 

Fruit : 4 achenes. 

The  nectary  is  at 
the  base  of  the  ovary, 
which  lies  at  the  bottom  of  the 
corolla  tube ; this  tube  is  long,  so 
that  the  honey  can  be  reached 
only  by  large  bees.  The  bee  alights 
on  the  lower  lip,  which  is  large 
and  conspicuous,  thrusts  its  head 
into  the  mouth  of  the  corolla 
tube,  its  back  being  pressed  against 
the  upper  lip,  where  the  anthers  are. 

The  stigma  lies  at  the  mouth  of  the  corolla  tube  directly  in 
the  bee’s  path,  so  that  it  gets  pollinated  before  the  bee  has 
had  time  to  get  any  fresh  pollen  from  the  flower. 

This  Order  is  easily 
iabiatse  nom-  n.  , ,.  n 

pared  with  distinguished  trorn  all 

Scrophulari-  others.  Some  of  the 

cLCCSB* 

Scrophulariaceae  re- 
semble Dead  Nettle  in  having 
plants  with  square  stems,  opposite 
leaves  and  bilabiate  corollas ; but 
the  gynsecium  of  the  Scrophu- 
lariacese  has  invariably  a two  celled, 
not  a four-celled,  ovary  ; and  the 
fruit  is  a capsule,  never  four  achenes, 


Fig.  129. — Median  Vek- 
tical  Section  of  Dead 
Nettle. 


Fib.  ldO.  — Floral  Dia- 
gram of  Dead  Nettle. 


as  in  this  Order. 

It  is  true  that  the  gynsecium  of  the  Labiatae  is  exactly 
similar  to  that  of  the  Boraginacese,  but  this  latter  Order  differs 
in  having  regular  flowers  and  alternate  leaves. 
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Although  the  Labiatae  are  distinctly  marked  oil'  from  other 
Orders,  there  is  comparatively  little  difference  between  the 
numerous  genera  forming  the  Order,  far  less  than  there  is  in 
the  Rosacese. 

Distribution.  Very  wide,  over  the  whole  globe. 


LILIACEAE. 


This  is  a Monocotyledonous  Order 
Bluebell. 

Type. 

A perennial,  bulbous  herb,  with  radical,  linear 
leaves,  which  are  shorter  than  the  flower  stems. 

Inflorescence : a raceme,  the  flowers  drooping,  and  each 
having  a bract. 

Perianth  (leaves) : 3 + 3,  joined,  inferior. 

Andrcedum  (stamens)  : 3 + 3,  free,  upon  the  perianth. 

Gyncecium  (carpels)  : 3,  joined,  superior ; placentation  axile 

Fruit:  a capsule,  dehiscing  along 
the  midrib. 

The  floral  diagram  of  a Tulip 
(Fig.  45)  is  correct  of  a Hyacinth, 
except  that  in  the  Tulip  the  leaves 
of  the  perianth  are  not  joined. 

Other  common 
Other  Plants.  , , 

plants  belonging  to 

the  Order  are  Solomon’s  Seal 

(. Polygonatum  multiflorum  only  ; the 

other  species  are  local.  Plate  VII., 

Fig.  133),  Wild  Garlic,  Fritillary, 

Meadow  Saffron,  and  Bog  Asphodel, 

abundant  in  bogs  and  wet  moors. 

Herb  Paris,  Lily  of  the  Valley  May  Lily,  Asparagus, 
Butcher’s  Broom,  Wild  Tulip,  Star  of  Bethlehem,  Grape 
Hyacinth,  are  either  very  local  or  are  mainly  cultivated  in 
gardens. 


Fm.  131.— Median  vertical 
Section  of  Bluebell. 
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Charac- 
teristics of 
the  Order. 


A comparison  of  these  plants  indicates  tin 
characteristics  of  the  Order,  namely  : 

1.  Underground  stems,  bulbs  or  rhizomes. 

2.  Leaves  usually  radical,  and  generally  parallel-veined. 

3.  Flowers  regular ; floral  leaves  usually  three  or  multiples 
of  three. 

4.  Gymecium  superior.  This  feature  at  once  marks  off  the 
Liliacese  from  the  two  other  Monocot}dedonous  Orders  with 
which  it  may  be  confused : the  Amaryllidacese,  to  which 
Snowdrop  and  Narcissus  belong,  and  the  Iridaceaj  (Iris, 
Gladiolus,  etc.),  both  of  which  have  an  inferior  ovary 

5.  Fruit,  a capsule,  or  berry. 

special  Herb  Paris,  a local  plant,  has  net-veined  leaves. 
Plants.  The  perianth  consists  of  two  whorls  of  four  (not 
three)  leaves  each,  the  inner  pinkish  ones  being  more  slender 
than  the  outer  green  ones  ; stamens  eight,  carpels  four.  Herb 

Paris  may  also  have  five,  instead  of  four, 
floral  leaves  in  each  whorl  (Plate  II., 
Fig.  135). 

May  Lily  has  two  floral  leaves  in 
each  whorl — that  is,  four  perianth  leaves, 
four  stamens. 

In  Butcher’s  Broom  the  apparent 
leaves  are  modified  branches,  for  they 
arise  in  the  axil  of  the  scale  leaves,  and 
they  bear  scale  leaves  on  their  surface. 
The  flowers  appear  to  be  seated  on  the 
leaf,,  but  are  borne  by  short  stalks  arising  in  the  axil  of  the 

scaly  leaf  (Plate  VII.,  Fig.  134). 

So  too,  in  Asparagus,  the  green  branches  may  easily  be 

mistaken  for  leaves. 

This  Order  is  widely  distributed.  Lilies,  for 
Distribution  instance>  arc  found  in  every  part  of  the  globe, 

being  extensively  grown  in  gardens.  At  the  same  time  it 
may  be  noticed  that  many  of  the  common  English  wild 
flowers,  e.g.,  Bluebells,  are  not  found  in  the  tropics. 


Fig.  132.— Floral 
Diagram  of  Herb 
Palis. 


PLATE  VII. 

Fig.  133.  —Solomon’s  Seal. 

Fig.  134. — Butcher's  Broom  : br,  brauches  ; Jl,  foliage 
leaves  ; /,  flower. 

Fig.  135.— Herb  Paris. 
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AMARYLLIDACEiE. 

Snowdrop. 

Type-  A bulbous  herb  with  radical  linear  leaves,  which 
are  shorter  than  the  flower  stems. 

The  bulb  should  be  examined  in  a snowdrop  which  is  about 
to  flower,  and  later  on,  in  one  which  has  done  flowering.  In 
December  or  January  a snowdrop  bulb  shows  the  following 
structure : It  bears  roots  on  its  under  surface  ; the  outer 
scale  is  brown,  and  protects  the  two  thick,  fleshy,  rather 
sticky  leaves  which  it  encloses.  On  removing  these  leaves  the 
young  shoot  is  found  enclosed  in  a sheath.  When  the  sheath 
is  split  up  two  narrow  foliage  leaves  iall  apart,  exposing  a 
single  flower  in  its  membranous  bract.  All  these  structures — 
the  outer  scale,  the  two  fleshy  leaves,  the  green  foliage  leaves, 
and  the  flower — are  borne  by  the  stem  portion  of  the  bulb, 
which  is  comparatively  small. 

If  a bulb  is  examined  after  the  snowdrop  has  done  flowering 
in  March,  the  base  of  each  foliage  leaf  is 
found  to  be  much  thicker  than  it  was  in 
the  younger  bulb.  It  is  now  clear  that 
the  two  fleshy  leaves  of  the  snowdrop  bulb 
are  the  bases  of  ’ its  two  foliage  leaves  of 
the  preceding  year,  the  green  upper  portions 
of  which  have  decayed. 

The  bulb  of  the  Daffodil  resembles  that 
of  the  Snowdrop  in  having  fleshy  leaves  pIG  135a.— Section 
formed  from  the  bases  of  its  foliage  leaves,  th hough  Bulb  of 
but  it  differs  from  it  in  the  far  larger  ri,etwobulbscaies 
number,  sometimes  nearly  thirty,  of  the  are  seen  on  each  side 
scale  and  fleshy  leaves  present  in  a single  ot  ^owei 
bulb.  The  best  way  to  examine  its  structure  is  to  make  a sec- 
tion lengthways  through  the  bulb  of  aNarcissus  which  has  begun 
to  flower,  and  to  dissect  out  one-half,  comparing  it  with  the 
other  half,  which  will  show  the  leaves  in  position,  situated  one 
slightly  above  the  other  on  opposite  sides  of  the  stem  portion. 

On  the  outside  of  the  bulb  arc  thin,  withered,  brownish 
scales,  remains  of  the  bases  of  foliage  leaves  which  were 
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Fig.  135b. — Flower  of 
Snowdrop. 


formed  the  season  before  last.  Then  come  the  bases  of  leaves 
of  the  last  season,  comprising  thin  white  scale  leaves  and 

thick,  fleshy,  very  sticky  leaves, 
which  are  the  bases  of  foliage 
leaves,  as  in  the  Snowdrop,  but 
many  more  than  two.  The 
single  flower  is  situated  laterally 
in  the  axil  of  the  uppermost 
foliage  leaf.  Two  or  three  buds 
will  be  found  developing  in  the 
axils  of  the  leaves.  Shoots  arise 
from  these  buds,  and  as  the 
older  scales  decay  a number  of 
plants  may  be  formed  in  the 
course  of  time  from  a single  bulb. 

The  bulbs  of  these  two  plants  differ  from  that  of  the 
Tulip,  described  on  r 
p.  23,  in  the  fact 
of  having  fleshy 
leaves,  which  are 
the  bases  of  foliage 
leaves.  In  the 
Tulip  the  bulb 
scales  are  not  the 
bases  of  foliage 
leaves,  but  are 
complete  scale 
leaves,  and  the 
plant  has  foliage 
leaves  in  addition. 

Inflorescence  : a single,  drooping,  epigynous  flower. 

Perianth  (leaves) : 3 ■+  3,  free,  superior. 

Androecium  (stamens)  : 3 + 3,  free,  epigynous;  anthers  in- 
trorse.  ^ 

Gyncecium  (carpels)  : 3,  joined,  inferior ; placenta tion  axile. 

Fruit : a berry. 

Other  The  Snowflake,  which  is  found  in  some  of  the 

Plants,  south-eastern  counties,  has  the  leaves  of  the 


Fig.  135c. — Vertical  Section  of  the  Flower 
of  Daffodil. 
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perianth  all  equal,  and  the  inflorescence  consists  of  two  or 
more  flowers. 

The  Daffodil,  unlike  either  the  Snowdrop  or  the  Sno, /flake, 
has  an  outgrowth  of  its  perianth,  known  as  a corona  or  crown, 
ft  grows  wild  in  meadows  and  woods  in  some  parts  of  England. 

Character-  L lt  is  a monocotyledonous  order. 

2.  The  ovary  is  inferior. 

3.  The  stamens  are  six  in  number. 


istics  of  the 
Order. 


Type. 


Fie.  135,  d 1. — Section 

THROUGH  CORM  OF 

Crocus. 


IRIDACEEE. 

Crocus. 

A perennial,  multiplying  by  means  of  corms. 
A corm,  like  a bulb,  is  an  underground  stem,  but  it  differs 

from  the  bulb  in  the  small  number  of 
its  scale  leaves  and  the  far  greater  size 
of  its  stem  portion.  (See  p.  24.) 

Fig.  135,  u 1 
is  a section 
of  the  corm 
of  a crocus  in 
the  month  of 
December  or 
January.  The 
corm  of  the  preceding  season  is  seen 
underneath  in  a very  shrunken  con- 
dition. On  the  upper  surface  of  the 
present  year’s  corm  is  situated  the 
bud  of  the  flower  which  will  blossom 
in  February.  This  bud  is  borne  by 
the  apex  of  a stem,  the  base  of  which 
will  grow  into  a new  corm  after  the 
flower  has  withered.  This  swollen 
base  of  the  stem  is  clearly  seen  in 
Fig.  135,  D 2,  which  represents  the 
bud  just  ready  to  burst  into  blossom. 

A corm  may  bear  more  than  one  bud.  Fig.  135,  n 2. — Section 

The  corm  of  the  crocus  has  the  through  Corm  of  Crocus. 

nower  of  forming  contractile  roots.  They  are  found  about 
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April  or  May  at  the  base  of  the  young  corms  of  crocuses  grown 
in  the  open.  Their  function  is  to  pull  down  the  young  corm 
to  the  soil  best  suited  to  it,  and  thus 
to  avoid  the  overcrowding  that  would 
occur  if  all  the  corms  remained  in  the 
same  layer  of  soil. 

Leaves : long  and  linear. 

Inflorescence  : flowers  solitary. 

Flower : regular,  epigynous. 

Perianth  (leaves)  : 3 + 3,  joined, 
superior.  The  perianth  tube  is  so 
long  that  the  ovary  is  in  the  ground. 

Andrcecium  (stamens) : 3 + 0,  free, 
epipetalous  : anthers  dehisce  ex- 

trorsely. 

Gyncecium  (carpels) : 3,  joined,  in- 
ferior. 

Fruit : a capsule. 

Other  The  Autumn  Crocus 

Plants.  (Genus  Colchicum ) does 
not  belong  to  this  Order,  but  to  the 
Liliaceae,  for  it  has  a superior  ovary 
and  six  stamens.  The  Iris  and  the 
Gladiolus  are  two  genera  included  in 
the  Iridaceae,  and  are  very  much 
cultivated  ; the  Yellow  Flag  ( Iris 
Pseudacorus)  grows  wild  in  damp 
places.  In  the  Iris  the  style  is 
petaloid,  and  the  stigmatic  surface  is 
on  a little  flap  not  far  from  the  tip  of 
the  style.  Insects  entering  the  flower 
to  get  the  honey  at  the  base  of  the 
corolla  tube  must  touch  the  stigma,  which  scrapes  off  any  pollen 
on  the  insect’s  back.  Self-pollination  is  prevented  by  the 


Fig.  135e. — Flower  of 
Crocus. 


closing  of  the  flap,  as  the  insect  leaves  the  flower, 
anthers  dehisce  extrorsely. 


The 
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CHAPTER  XIV 


THE  DISTRIBUTION  OF  PLANTS 


In  the  accounts  of  the  Orders  that  have  been  given,  some 
attempt  has  been  made  to  indicate  their  distribution,  and  also 
to  note  the  rarity  of  any  special  plant  belonging  to  the  Order. 
It  will  be  noticed  that  some  plants  have  a far  wider  range 
than  others,  that  whereas  some  are  found  almost  over  the 
whole  globe,  others  are  confined  to  temperate  regions,  and 
are  hardly  known  in  tropical. 

Zones  of  Speaking  very  generally,  we  may  say  that  the 

Vegetation.  Arctic  regions  are  characterised  by  scanty  vege- 
tation, only  Mosses  and  Lichens,  and  a few  flowering  plants — 
e.g.,  Saxifrages  and  G-entians — being  found  there  • whilst  trees, 
if  any,  are  represented  by  stunted  Willows.  Then  follow  the 
Pine  forests  so  well  known  in  Norway.  The  temperate  zone 
is  distinguished  by  the  Oak,  Ash,  Elm,  Sycamore,  Beech, 
Poplar,  Birch,  Hazel — trees  which  lose  their  leaves  in  autumn 
and  renew  them  in  spring,  and  are  therefore  called  deciduous 
(Lat.  de  = down,  cado  = to  fall).  Pine  forests  are  also  abundant. 
The  flowers  are  those  so  well  known  to  us  in  England — 
Snowdrops,  Anemones,  Primroses,  Buttercups,  Geraniums, 
etc.  Comparing  this  region  with  the  tropical,  we  may  say 
that  its  vegetation  is  less  luxuriant  and  more  sober  in 
colouring.  Palms  of  all  kinds,  grasses  which  seem  to  reach 
their  height  in  the  Bamboo,  tall  Tree-ferns,  shrubs  and  trees 
with  brightly-coloured  flowers  such  as  Oleander,  hedges  gay 
with  Hibiscus,  forests  in  which  Orchids  by  their  aerial  roots 
pass  from  tree  to  tree  — these  are  a few  of  the  plants 
characteristic  of  the  tropics.  The  trees  are  mostly  ever- 
greens. 


Altitude  consi^er^ng  the  distribution  of  plants  in 

a particular  region,  one  of  the  first  things  to 
be  considered  is  its  latitude  ; but  this  is  very  much  modified 
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by  the  presence  of  mountains.  We  see  the  effect  of  this  on 
a large  scale  when  comparing  the  vegetation  of  the  temperate 
zone  with  that  of  the  tropical.  It  is  true  that  Buttercups 
and  Anemones,  so  common  in  England,  do  not  grow  in  the 
fields  and  woods  of  tropical  countries;  but  they  have  been 
found  on  the  highest  peaks  of  the  mountains  of  Jamaica ; 
therefore  not  only  has  the  latitude  of  a district  to  be  borne 
in  mind,  but  also  its  altitude.  Even  in  an  English  county 
the  plants  growing  in  a valley  will  be  different  from  those 
growing  on  the  hills.  In  Gloucestershire,  the  Spiny  Rest- 
harrow  ( Ononis  spinosa)  is  found  only  in  the  valleys,  whilst 
the  smaller  species  without  thorns  ( Ononis  arvensis)  is  found 
on  the  hills.  Even  where  the  same  species  occurs  both  on  the 
hills  and  in  the  valleys  its  growth  is  different ; thus  the 
pyramidal  Orchis  growing  in  the  valley  of  the  Severn  is 
larger,  its  blossoms  further  apart  and  paler  than  the  same 
species  growing  on  the  Cotswolds. 

Nature  of  the  The  nature  of  the  soil  is  another  very  im- 
SoiL  portant  factor  in  the  distribution  of  plants ; some 
will  thrive  only  on  limestone,  others  cannot  live  on  it ; some 
require  sand,  and  so  on.  Thus  the  Foxglove  is  found  in 
Gloucestershire  only  in  the  western  part  of  the  county, 
because  there  strips  of  red  sandstone  occur.  In  the  bogs  of 
the  same  region  is  found  the  Sundew,  which  cannot  thrive 
where  lime  is  present. 

Rainfall,  The  rainfall,  direction  of  the  watershed, 

Rivers,  etc.  nature  of  the  rivers,  whether  tidal  or  not,  all 

have  their  influence  on  the  flora  of  a district.  Comparing,  for 
instance,  two  counties  which  are  practically  inland,  if  one 
has  a tidal  river  and  the  other  has  not,  sea  plants,  like  Sea 
Lavender,  Sea  Aster,  Sea  Thrift,  will  be  found  in  the  one  and 
absent  in  the  other. 

Direction  Of  The  direction  of  the  wind  is  a very  important 

the  Wind.  consideration,  for  seeds  are  dispersed  largely  by 
wind.  It  accounts  for  such  facts  as  the  occurrence  of  the 
same  plants  several  miles  apart  from  each  other,  and  not  in 
the  intervening  districts. 
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Adaptation  to  Even  in  a comparatively  limited  district  it  is 
Surroundings,  possible  to  collect  instances  of  adaptation,  some 
of  which  have  already  been  noticed  in  other  connections.  The 
part  of  the  plant  which  perhaps  shows  the  greatest  power  of 
adaptation  is  the  leaf.  In  the  Water-crowfoot,  one  kind  of 
leaf  is  found  in  the  part  of  the  plant  growing  in  water, 
another  in  that  part  of  the  shoot  above  water  (p.  36). 

In  Lady’s- mantle,  the  leaves  of  the  species  growing  in 
meadows  and  pastures  ( AlcliemiUa  vulgaris)  are  simple  and 
undivided,  whilst  the  species  growing  on  the  tops  of  moun- 
tains ( Alchemilla  alpina ) has  leaves  deeply  divided  into  six  or 
seven  lobes,  and  each  lobe  bends  inwards  as  though  to  catch 
the  dew  and  drops  of  water  more  easily. 

Comparing  tropical  countries  with  temperate  regions,  we 
find  a similar  variety  in  the  structure  of  the  leaf.  In  the 
tropics,  plants  have  to  be  able  to  resist  a rainy  season  which 
may  last  four  or  five  months ; it  is  important,  therefore,  that 
the  surface  of  the  leaf  should  be  smooth,  or  even  polished,  so 
that  water  may  run  off'  easily,  as  in  the  India-rubber  plant. 
In  deserts,  on  the  other  hand,  leaves  must  be  able  to  collect 
all  the  water  that  falls,  they  therefore  generally  slope  in  such 
a way  that  the  water  must  pass  towards  the  stem  and  root 
(p.  31). 

In  this  connection  we  may  notice  the  characteristics  of 
plants  that  have  to  pass  through  a winter  period  (hibernation). 
They  have  stores  of  reserve  material  in  the  root,  or  stem, 
or  leaves ; their  buds  are  also  well  protected.  If  herbs,  the 
buds  are  often  underground ; if  trees,  by  bud-scales,  resin, 
wool,  etc.  (pp.  17,  18). 

Those  interested  in  the  distribution  of  plants  should  read 
Willis  on  this  subject  (“Flowering  Plants  and  Ferns,”  vol.  I, 
chap.  iii.). 
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CHAPTER  XV 


The  Habitat. 


FIELD  WORK 

It  may  be  helpful  to  indicate  a few  observations  which  even 
beginners  in  botany  can  make  for  themselves,  and  which  will 
add  very  much  to  the  interest  of  the  subject,  for  it  is 
impossible  to  have  any  first  hand  knowledge  of  plant  life 
merely  from  books.  It  is  true  that  the  parts  of  a plant  can 
be  examined  in  class,  or  at  home,  but  little  can  be  known  of 
the  life  of  the  plant,  of  its  mode  of  growth,  apart  from  its 
surroundings. 

The  locality  in  which  a plant  is  found  should 
be  carefully  noted,  whether  it  grows  in  hedges, 
in  meadows,  on  rocks,  on  exposed  hills,  in  bogs,  by  running 
streams,  in  stagnant  water,  by  the  sea,  etc.  Books,  however 
good,  cannot  give  an  adequate  idea  of  this.  For  instance, 
the  habitat  of  the  plant  Butterwort  (Pinguicula  vulgaris ) is 
thus  described  in  Bentham’s  “Botany,”  “Among  mountain  rills 
and  on  wet  rocks,”  and  this  is  absolutely  correct ; but  what  a 
very  different  idea  one  gets  of  the  situations  in  which  the 
plant  will  grow,  and  its  abundance,  by  walking  over  the  high 
hills  of  the  Lake  District,  or  of  the  Scotch  Highlands.  There 
the  plant  is  found  literally  by  hundreds,  on  the  very  mountain 
paths  between  the  stones,  clinging  to  the  sides  of  the  rocks, 
and  in  boggy  patches,  though  not  so  abundantly  in  this  latter 
situation  as  on  the  rocky  paths. 

The  month,  and  even  the  day  of  the  month, 
in  which  a plant  puts  forth  its  leaves  and 
flowers,  and  whether  the  flowers  come  out  before  the  leaves, 
should  be  recorded.  In  this  way  some  idea  of  the  effect  of 
climate — of  a severe  winter,  a late  spring,  east  winds,  etc. — is 
obtained.  Again,  the  same  plant  will  flower  much  earlier  in 
some  parts  of  England  than  in  others.  In  the  New  Forest 
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plants  are  about  ten  days  earlier  than  in  Gloucestershire,  and 
in  Scotland  there  is  nearly  a month’s  difference  from  the  time 
of  flowering  in  the  southern  counties  of  England. 

The  Protec  The  means  plants  have  of  protecting  them- 
tion  of  Plants.  selves  offer  a large  field  for  observation. 
Winter  buds,  the  protection  of  honey  and  of  seeds,  have 
already  been  alluded  to,  but  it  has  been  only  possible  to 
give  a few  instances  ; there  are  very  many  more  that  may  be 
observed  by  those  who  take  a real  interest  in  plant  life.  A 
list  might  be  made  of  the  flowers  that  hang  down  during 
rain,  and  hold  themselves  up  in  sunlight ; of  those  with 
capsules  which  open  by  pores  or  teeth,  so  that  the  seeds  are 
protected  within  the  capsule  until  ready  for  dispersion  ; of 
those  in  which  the  calyx  closely  envelops  the  rest  of  the 
flower  whilst  in  bud,  and  drops  off  when  the  flower  is  fully 
formed. 

It  is  fascinating  work  to  watch  the  insects 
that  visit  a flower,  yet  it  is  difficult  to  make 
accurate  observations  on  this  subject,  for  some  rudimentary 
knowledge  of  insects  is /required.  It  is  necessary,  for  instance, 
to  know  the  difference  between  a Moth  and  a Butterfly,  and 
it  is  an  advantage  to  master  the  structure  of  the  mouth  parts 
of  different  insects  in  order  to  realise  the  close  relation  exist- 
ing between  flowers  and  insects.  Some  have  mouths  adapted 
for  biting,  others  for  licking,  and  others,  again,  for  sucking. 
It  will  be  found  that  the  structure  of  a flower  visited  by  a 
Bee  is  different  from  that  of  one  visited  by  a Beetle  or 
Fly.  Some  attempt  has  been  made  in  the  accounts  given 
of  pollination  in  the  different  Orders  to  trace  the  connection 
between  the  visits  of  insects  and  the  structure  of  the  flower ; 
but  this  is  a very  wide  subject,  and  one  of  which  it  is  only 
possible  to  get  any  real  idea  by  one’s  own  observation.  Lord 
Avebury’s  book,  “ British  Wild  Flowers  and  Insects  ” is  the 
most  helpful  for  those  beginning  observations  of  this  kind. 

The  Diaper-  This  is  a subject  in  which  a great  deal  of 
aion  of  Seeds.  WOrk  may  be  (]one.  The  arrangements  for  dis- 
persion in  the  structure  of  the  fruit  or  seed  should  be 
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observed  (Chapter  XII.).  Whenever  a fruit  or  seed  is  picked 
up  it  should  be  examined,  in  order  to  see  whether  it  has 
wings,  hooks,  hairs,  etc.,  by  which  it  could  have  been  blown 
or  carried  to  the  place  where  it  was  found.  Then,  secondly, 
the  distance  from  the  adult  plant  should  be  noticed ; some- 
times this  is  not  great,  but  it  may  be  a mile  or  more.  Thirdly, 
the  agent  of  dispersion  should  be  observed,  and  it  is  often 
very  difficult  to  ascertain  this.  Hazel-rmts,  for  instance,  are 
sometimes  found  broken  open  and  tightly  wedged  in  the  bark 
of  trees  some  few  hundred  yards  away  from  the  parent 
tree.  How  do  they  get  there  1 The  seed-cases  are  generally 
empty.  The  most  natural  supposition  is  that  an  animal  has 
been  feeding  on  the  seeds  of  the  nut,  but  what  animal  1 
Probably  some  bird,  and  one  might  be  fortunate  enough  to 
see  the  bird  and  recognise  it.  At  any  rate,  any  book  contain- 
ing observations  on  trees  would  be  sure  to  mention  that  the 
Nuthatch  is  in  the  habit  of  doing  this.  The  part  that  animals, 
especially  birds,  play  in  the  dispersion  of  seeds  is  perhaps 
hardly  yot  fully  realised. 

Mode  of  Any  special  feature  in  the  growth  of  a plant 
Growth.  should  be  noticed,  whether  by  underground 
stems,  by  creeping  along  the  ground,  or  by  climbing.  If  climb- 
ing, the  organ  adapted  for  this  purpose  should  be  observed, 
roots,  stems,  petioles,  leaves  modified  into  tendrils,  etc. 

This  often  helps  to  indicate  whether  the  plant 
is  parasitic  or  not.  Broomrape  is  whitish,  so, 
too,  is  Toothwort.  A plant  with  pale  stems  and  leaves  would 
in  all  probability  be  parasitic,  although  it  must  be  remembered 
that  semi-parasitic  plants  often  have  green  leaves. 

Plants  in  a A list  of  the  plants  in  a particular  area  may 
given  Area.  pe  made.  In  this  connection  the  nature  of  the 
soil,  whether  clay,  sand,  limestone,  the  height  above  the  sea, 
the  prevailing  winds,  should  all  be  observed.  A beginning 
may  be  made  by  observing  accurately  the  plants  of  one’s  own 
neighbourhood.  Darwin  recommended  the  making  a list  of 
the  plants  that  grew  in  a particular  field  during  the  course  of 
the  year.  His  idea  was  that  an  exact  plan  of  the  field  should 
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be  made,  every  important  feature  being  inserted,  as,  for 
instance,  the  position  of  a pond,  or  marshy  part,  or  furrow. 
Then  the  exact  spot  in  which  a plant  was  found  was  to  be 
noted,  its  time  of  flowering,  and  so  on. 

Members  of  a class  might  find  it  interesting  to  make  a list 
of  the  plants  they  found  in  the  spring  and  summer  holidays, 
and  then  to  compare  results  when  returning  to  school.  In 
this  way  some  rough  idea  would  be  gained  of  the  flora  of 
different  counties,  and  of  the  plants  that  inhabit  mountainous 
districts  compared  with  those  found  in  flat  counties,  such  as 
Cambridgeshire.  Johns’  “Flowers  of  the  Field”  is  a useful 
book  for  the  identification  of  plants. 

A great  deal  of  time  is  sometimes  spent  in  drying  plants, 
and  getting  together  a herbarium.  This  does  help  one  to  gain 
a knowledge  of  many  plants,  but  the  time  spent  in  pressing 
may  perhaps  be  spent  to  greater  advantage  in  making  ob- 
servations such  as  those  that  have  been  indicated  here.  More 
real  knowledge  of  plant  life  is  obtained  by  observations  of  this 
kind  than  by  the  making  of  collections.  Miall’s  “Found  the 
Year  ” suggests  many  observations,  not  only  on  plants,  but  on 
Nature  generally. 
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CHAPTER  XVI 

THE  LIFE  OF  THE  CELL 

A.  PLANT  is  a living  organism  and  therefore  capable  of  per- 
forming all  the  functions  characteristic  of  life.  It  can  breathe, 
take  in  food,  respond  to  its  surroundings,  reproduce  itself, 
just  as  much  as  any  animal  can.  In  some  cases  it  can  even 
move ; in  fact,  it  becomes  increasingly  difficult  to  say  in 
what  the  difference  between  a plant  and  an  animal  consists, 
for  the  more  the  life  of  plants  and  animals  is  studied,  the 
greater  are  their  resemblances  to  each  other  found  to  be, 
especially  in  the  lowest  forms.  At  the  present  time,  there 
are  organisms  which  are  claimed  by  both  zoologists  and 
botanists. 

t i The  properties  connected  with  the  presence 

of  life  are  always  found  associated  with  a 
substance  to  which  the  name  protoplasm  has  been  given 
vGk.  plasma  = material ; protos  = first).  The  very  simplest 
organisms,  animal  as  well  as  vegetable,  are  merely  masses, 
often  too  minute  to  be  seen  without  the  microscope,  of  this 
substance.  One  of  the  simplest  green  plants  known  is 
Protococcus ; it  may  be  obtained  from  the  mud  which  accumu- 
lates in  roof-gutters  and  water-butts.  Very  often  the  water  in 
these  cisterns  looks  green  or  reddish  from  the  millions  of 
Protococci  it  contains. 

Examined  under  the  microscope,  it  is  found  that  a Proto- 
coccus consists  of  protoplasm  bounded  by  a transparent 
membrane,  the  cell-wall.  The  protoplasm  is  granular,  and 
shows  a denser  portion,  called  the  nucleus,  within  which  is  a 
nucleolus.  Confined  to  certain  parts  of  the  protoplasm,  not 
evenly  distributed  through  it,  is  a colouring  matter  called 
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chlorophyll  (Gk.  chloros  = green  ; phyllon  = a leaf),  because  it  is 
most  abundant  in  leaves.  Some  Protococci  are  found  without 
cell-walls ; the  cell-wall  is,  therefore,  not  an  essential  part  of 
their  structure. 

Protococcus  is  described  as  a unicellular  organism,  for  it 
consists  of  a single  cell  or  mass  of  living  protoplasm.  It 
takes  in  food  from  the  water  in  which  it  lives,  digests  it, 
builds  it  up  into  its  own  substance,  protoplasm.  It  breathes, 
that  is,  it  takes  in  oxygen  and  gets  rid  of  carbon  dioxide.  It 
grows  and  reproduces  itself  by  splitting  into  two,  thus  giving 
rise  to  separate  organisms.  Since  Protococcus  consists  only 
of  protoplasm,  these  properties  characteristic  of  life  must  be 
the  properties  of  protoplasm. 

It  is  very  difficult  to  say  exactly  what  protoplasm  is ; it  is 
impossible  to  ascertain  its  exact  chemical  composition,  for 
when  chemists  apply  different  reagents  to  it  the  living  proto- 
plasm is  killed,  so  that  although  they  can  to  some  extent 
find  out  the  composition  of  dead  protoplasm,  that  of  living 
protoplasm  is  still  unknown.  We  do,  however,  know  that  it 
consists  of  certain  elements — carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  and  some  mineral  salts,  and 
we  shall  see  (Chapter  XVIII.)  that  these  substances  must 
enter  into  the  food  of  plants  in  order  that  they  may  be  able 
to  build  up  their  protoplasm. 

We  may  now  define  a cell  as  a mass  of  living  protoplasm, 
containing  a nucleus  which  is  the  most  important  part  of  the 
cell.  It  must  be  remembered  that  a cell  is  a solid  structure 
having  length,  breadth,  and  thickness ; it  is  often  very 
minute*,  not  of  an  inch  in  diameter.  Many  of  the 

lowest  plants  are  made  up  of  a number  of  cells,  similar  to 
each  other,  and  each  resembling  in  its  chief  features  a Proto- 
coccus cell,  each  therefore  capable  of  performing,  indepen- 
dently of  each  other,  the  functions  necessary  to  life,  buch  an 
organism  is  described  as  multicellular. 

Differentia-  As  plants  develop  they  become  gradually 
ti°n.  differentiated  into : (1)  A root  portion,  and 
(2)  a shoot  portion,  each  having  its  special  work.  The 
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highest  plants  of  all  still  show  these  two  portions,  but  with 
far  more  differentiation.  The  root  and  the  shoot  each  con- 
sists of  its  various  members ; a root  has  lateral  branches,  a 
shoot,  stem  and  leaves,  and  each  member  is  composed  of 
thousands  of  cells  arranged  in  groups  known  as  tissues ; thus 
in  the  Flowering  Plant  there  is  the  wood,  a tissue  not  existing 
in  such  a lowly  organised  plant  as  the  Moss.  This  process 
of  differentiation,  by  which  groups  of  cells  become  set  apart 
for  a particular  work,  is  the  feature  that  marks  off  a higher 
from  a lower  plant ; the  higher  the  plant  the  more  marked  is 
its  differentiation.  This  is  most  strikingly  seen  in  reproduc- 
tion. In  Protococcus,  the  whole  unicellular  plant  divides, 
giving  rise  to  two  (or  more)  organisms.  In  the  Flowering 
Plant,  a particular  shoot  is  modified  for  the  production  of  the 
seed. 

The  important  point  to  emphasise  here  is,  that  every  plant, 
however  highly  organised,  and  every  part 
(member)  of  a plant  consists  of  cells 

Fig.  136  shows  a typical  vegetable  cell, 
such  as  may  be  obtained  from  the  pith  of 
Elder  in  early  spring.  It  consists  of  pro- 
toplasm with  nucleus  and  nucleolus,  of  a 
cell-wall,  and  as  it  is  a young  cell  the 
protoplasm,  which  is  saturated  with  cell- 
sap,  fills,  or  almost  fills,  the  whole  coll. 

As  the  cell  grows  older  the  cell-wall 
grows  more  rapidly  than  the  protoplasm 
can  be  built  up,  so  that  the  protoplasm 
comes  to  form  merely  a lining  to  the 
cell-wall.  The  space  thus  formed  within 
the  cell  is  the  vacuole,  and  is  completely  filled  with  cell-sap. 

In  the  following  chapters,  the  processes  that  go  on  in 
the  plant  as  a whole  are  described  as  far  as  possible  experi- 
mentally, and  without  reference  to  the  minute  structures  of 
the  tissues  which  cannot  be  satisfactorily  studied  without 
the  constant  use  of  a microscope ; but  it  has  been  necessary 
in  this  introductory  chapter  to  Plant  Physiology  to  try  and 


Fig.  136. — A typical 
Vegetable  Cell. 
p,  protoplasm ; c.w, 
cell- wall ; v,  vacuole  ; 
n,  nucleus,  showing 
nucleolus. 
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give  some  idea  of  the  structure  of  a cell,  and  of  what  proto 
plasm  is ; for  the  plant,  as  we  have  seen,  is  built  up  of 
cells,  and  without  protoplasm  the  functions  of  breathing, 
digestion,  assimilation,  etc.,  which  will  be  discussed  in  the 
following  chapters,  would  be  impossible. 
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CHAPTER  XVII 

THE  PASSAGE  OF  WATER  THROUGH  THE  PLANT 

Necessity  of  Water  is  essential  to  the  life  of  every  organism, 

Water.  whether  plant  or  animal ; it  enters  into  the 
composition  of  the  protoplasm  and  cell-wall,  and  therefore 
must  form  part  of  the  food  of  the  plant ; no  vital  process 
can  go  on  without  it,  growth  cannot  take  place  without 
it,  and  in  very  many  cases  it  is  essential  to  reproduction. 
In  certain  Flowering  Plants,  pollen  grains  are  conveyed  by 
water,  and  in  many  cases  it  is  an  agent  for  the  dispersion 
of  seeds. 

It  is  a matter  of  common  observation  that  plants  will  die 
without  water.  In  this  chapter  we  will  consider  how  water  is 
taken  in  by  the  plant,  and  its  passage  through  the  plant, 
leaving  its  connection  with  respiration  and  other  vital  pro- 
cesses until  later. 

Take  a seedling  and  fit  it  into  a hole  in  the 
cork  of  a glass  bottle  containing  water,  in  such  a 
way  that  the  roots  dip  into  the  water.  Mark  the  level  of  the 
water  in  the  flask. 

Result.  After  some  time  the  level  of  the  water  falls. 

Conclusion.  The  plant  is  taking  in  water  through  its  roots. 

The  question  then  arises,  How  is  it  that  water  can  pass  intfl 
the  roots?  We  have  already  noticed  (Chapter  II.)  that  root- 
tips  are  covered  with  root-hairs ; it  is  these  that  drink  in  the 
water  and  pass  it  on  to  the  cells  of  the  root.  The  root  hair  of 
a flowering  plant  usually  consists  of  a cell  with  a cell-wall,  so 
that  the  question  now  narrows  itself  to  this  : How  can  watei 
pass  through  the  cell-wall  1 The  following  experiment  illus- 
trates the  nature  of  the  process  : 
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Experiment  II. 


Take  a thistle  funnel  and  tie  tightly  over  the 
end  of  it  a piece  of  pig’s  bladder,  and  partly 
fill  with  sugar  solution.  Immerse 
the  end  covered  with  the  bladder  in 
water. 

Result.  The  level  of  the  water 
in  the  funnel  gradually  rises. 

Conclusion.  The  sugar  solution  in 
the  funnel  attracts  the  water  from 
without  through  the  bladder. 

This  experiment  illustrates  the  way 
in  which  water  passes  through  the 
cell-walls  of  the  plant.  The  acid  cell- 
sap  in  the  cell  of  the  root-hair  may  be 
compared  with  the  contents  of  the 
funnel,  the  sugar  solution;  the  cell- 
wall  with  the  bladder;  the  water  in 
the  soil  with  the  water  outside  the 
funnel.  The  water  is  absorbed  from 
the  soil  by  the  cells  of  the  root-hair, 
and  is  handed  on  in  the  same  way  to  the  branches  of  the 
root,  and  thence  to  the  main  root.  (See  Fig.  13.) 

The  next  two  experiments  illustrate  the  passage  of  water 
from  the  roots  to  the  leaves. 

Take  a flowering  shoot  of  Narcissus,  and  im- 

ExpenmentA.  ,,  , •,  r ,. 

merse  the  cut  end  for  some  time  in  water 

coloured  with  red  ink. 

The  veins  on  the  petals  and  leaves  become  red, 
and  cutting  the  stem  across  it  will  be  seen  that 
die  threads  of  the  stem  are  also  coloured. 

The  water  has  passed  up  through  certain 
threads  or  strands,  which  form  the  woody  tissue 
of  the  plant,  to  the  petals  and  leaves. 

Take  a Laurel  shoot  and  cut  off  the  outer 
F...perimentB.  ^ggue  untfl  the  wood  is  exposed ; immerse  the 

eut  end  of  the  shoot  in  a vessel  of  red  ink. 


Fig.  137. — Thistle  Fun 
nel  with  Bladder. 


Result. 


Conclusion. 
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The  shoot  remains  fresh  and  the  exposed  wood 

Result.  . , 

is  coloured  red. 

The  removing  the  outer  tissue  has  not  interrupted 
Conclusion.  passagC  of  water  through  the  plant,  and  as  the 

wood  is  coloured  red,  it  is  clear  that  the  water  travels  through 
the  wood.  Further,  if  the  stem  of  the  shoot  is  cut  right 
across,  it  will  be  seen  that  the  pith  is  not  coloured.  This 
shows  that  water  travels  through  the  wood  alone  and  not 
through  any  other  part  of  the  stem. 

So  far,  then,  we  have  seen  that  the  water  is  taken  in  by  the 
root-hairs ; owing  chiefly  to  the  physical  process  of  diffusion, 
it  travels  from  cell  to  cell  through  the  wood  of  the  stem  of  the 
plant,  then  through  the  leaf-stalk  into  the  veins  of  the  leaves. 


Experiment  I. 


Result. 


The  next  series  of  experiments  relate  to  the  giving  out  of 
water  by  the  leaves,  a process  known  as  Transpiration,  which 
may  be  compared  with  the  perspiration  of  animals. 

Take  some  leaves  of  a shoot,  the  younger  the 
better,  and  pass  the  leaf-stalks  through  holes  in 
a piece  of  cardboard  which  rests  on  the  top  of  a vessel  con- 
taining water  so  that  the  leaf  stalks  are  in  the  water  and  the 
blades  of  the  leaves  resting  on  the  cardboard.  Cover  over 
with  a bell  jar. 

Soon  the  sides  of  the  jar  become  covered  with 
drops  of  water. 

Conclusion.  Leaves  give  off  water. 

In  order  to  see  which  side  of  the  leaf  gives  off  most  water 
the  test  of  cobalt  paper  may  be  applied. 

Take  a dry  duster,  which  should  first  be 
warmed  so  that  it  may  be  thoroughly  dry. 
Lay  it  out  flat,  and  on  it  place  two  ivy  leaves,  one  with  the 
under  side  uppermost,  the  other  with  the  upper  surface 
exposed.  On  these  place  cobalt  paper,  which,  it  is  well  known, 
changes  from  blue  to  red  if  exposed  to  damp.  Cover  with  a 
sheet  of  glass.* 


Experiment  II. 


* This  is  Darwin  and  Acton’s  modification  of  Stahl’s  Cobalt  Method, 
flee  'Physiology  of  Plants,’  p.  105, 
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Result.  1 lie  cobalt  paper  over  the  leaf  with  the  under 
side  uppermost  turns  red  rapidly ; that  over  the 
upper  leaf  remains  blue,  or,  at  any  rate,  turns  red  far  more 
slowly. 


Conclusion.  J'/iore  water  is  given  from  the  lower  than 
from  the  upper  surface  of  the  leaf. 

To  see  if  there  is  any  difference  in  structure  in  the  two 
surfaces  of  the  leaf,  strip  off  the  skin  from  the  upper  and 
lower  surfaces  and  examine  under  a microscope.  Little  open 
ings  are  found  in  the  skin  of  the  lower  surface  which  are 
absent  from  the  upper  (cf  Figs.  138,  139).  These  openings 
or  mouths  are  called  stomata  (Gk.  stoma  — a mouth). 


Fin.  138.— Lower  Epidermis  Fig.  139. — Upper  Epidermis 

with  Stomata.  without  Stomata. 


We  may  therefore  conclude  that  the  water  passes  off  from 
the  leaf  by  these  stomata.  Some  leaves  have  the  stomata 
scattered  equally  over  both  surfaces,  but  those  which  have  the 
stomata  only  on  the  lower  surface  will  give  off  water  chiefly 
from  the  under  side.  This  giving  out  of  water  hardly  occurs 
in  water  plants ; it  is  owing  to  the  fact  that  land  plants  are 
in  contact  with  an  atmosphere  that  water  is  constantly  pass- 
ing from  them,  not  only  from  the  leaves,  but  also  from  the 
surface  of  the  stem,  which  is  also  provided  with  stomata. 

The  amount  of  water  given  off  varies  with  the  conditions  of 
the  atmosphere,  just  as  the  perspiration  of  animals  does. 
When  it  is  dry  and  hot  more  water  is  given  off  than  when 
the  temperature  is  low  and  the  air  moist.  When  the  plant  is 
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Experiment. 


Result. 


giving  oft'  a great  deal  of  water  the  stomata  are  more  widely 
open  than  when  little  is  being  given  off. 

By  means  of  the  next  experiment  some  idea  of  the  rate 
at  which  water  travels 
through  the  plant  is  ob- 
tained 

Take  a glass 
vessel  with 
rubber  stopper  with  two 
holes  ; into  one  fix  a laurel 
shoot,  into  the  other  a 
bent  tube  with  a gradu- 
ated scale  attached.  Fill 
the  vessel  and  bent  tube 
quite  full  with  water. 

It  will  be 
found  that  the 
water  moves  along  the 
bent  tube. 

Water  is 
being  gradu- 
ally absorbed  by  the  shoot. 

Now,  if  the  amount  of  water  between  two  successive  gradua- 
tions in  the  scale  is  known,  the  rate  of  absorption  may  be 
calculated.  Thus,  if  the  amount  of  water  between  two  gradua- 
tions is  cubic  centimetre,  and  if  the  water  in  the  bent  tube 
passes  through  six  graduations  in  one  hour,  it  is  clear  that 
T8T  cubic  centimetre  of  water  have  been  absorbed  by  the 
plant  in  the  given  time. 

The  rate  of  absorption,  as  said  above,  varies. 

Absorption  of  Lastly,  it  must  be  noted  that,  although  plants 
Water  from  do  for  the  most  part  take  in  water  through  the 

Atmosphere.  S0]‘ ] ? there  are  certain  plants,  especially  in  dry 

countries,  where  there  may  not  be  even  a slight  shower  for 
months,  which  take  in  water  from  the  atmosphere.  This  is 
the  case  in  plants  with  aerial  roots  (Chapter  II.). 


Conclusion. 


Fig.  140. — Apparatus  showing  Rate 
of  Absorption  of  Water. 
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CHAPTER  XVIII 

THE  RELATION  OF  THE  PLANT  TO  THE  SOIL 

Befoke  discussing  the  relation  of  the  plant  to  the  soil,  it  will 
be  helpful  to  know  something  of  how  soil  is  formed,  of  what 
it  consists,  and  the  properties  of  the  more  common  soils,  such 
as  limestone,  clay,  and  sand. 

Formation  hhe  soil  found  in  any  given  place  has  been 
of  Soil,  produced  in  one  of  two  ways,  either  by  the 

breaking  up  of  rocks,  or  by  the  transport  of  material  from  one 
place  to  another,  mainly  through  the  action  of  streams,  rivers, 
or  glaciers.  Soils  which  are  produced  by  the  decomposition 
of  rocks  are  said  to  be  sedentary,  because  they  were  formed 
in  the  place  where  they  are  found ; whereas  soils  which  have 
been  transported  from  one  place  to  another,  as  from  a hillside 
to  a valley,  are  drift  soils.  The  decomposition  of  rocks  is 
brought  about  by  the  action  of  the  weather,  and  by  the 
dissolving  power  of  acids  present  in  the  cell-sap  of  the  roots 
of  plants,  and,  under  certain  conditions,  in  the  atmosphere. 

To  realise  the  influence  of  weather  in  the  crumbling  of 
rocks,  a quarry  should  be  visited.  The  exposed  surface  of 
the  quarry  will  show  three  distinct  stages  in  the  breaking  up 
of  the  hard  rock.  On  the  surface,  there  will  probably  be  dark 
brown  or  black  soil,  in  which  vegetation  is  growing  ; the  roots 
of  trees  and  other  plants  will  be  seen  extending  through  this 
surface  soil  for  some  nine  inches  to  the  sub-soil,  which  is  lighter 
in  colour,  and  composed  of  small  pieces  of  rock,  derived  from 
the  underlying  bed  of  hard  limestone,  or  chalk,  or  sandstone, 
etc.  The  dark  colour  of  the  surface  soil  is  due  to  the  decaying 
vegetation ; as  the  leaves  fall,  they  gradually  become  decom- 
posed and  converted  into  humus,  which  gives  the  dark  colour. 
The  surface  soil  is  much  finer  in  texture  than  the  sub-soil, 
which  closely  resembles  in  colour  the  underlying  rock.  If 
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this  bed-rock  is  hard  limestone,  it  will  be  very  hard ; if  chalk, 
which  is  also  limestone,  it  will  be  softer.  The  sub-soil  has,  in 
most  cases,  been  formed  from  the  breaking  up  of  the  rock. 
Examined  closely,  lines  at  more  or  less  regular  intervals  may 
be  seen  in  this  hard  rock ; these  are  the  planes  of  bedding 
along  which  the  rock  can  be  split.  When  rain  falls,  the  water 
makes  its  way  along  these  lines  into  the  rock  ; then  when  frost 
comes,  the  ice,  taking  up  more  room  than  the  water,  splits  the 
rock.  Thus  gradually,  during  the  winter,  exposed  rocks 
become  split  up  into  smaller  pieces,  in  the  crevices  of  which 
roots  can  make  their  way.  On  a winter’s  morning,  after  a 
few  days’  frost,  it  is  possible  to  pick  up  fragments  of  stone 
which  have  fallen  away  from  the  exposed  surface  of  the  quarry. 

The  roots,  as  a rule,  follow  the  passage  made  by  the  water, 
and  help  to  decompose  the  hard  rock  still  further.  The  cell- 
sap  of  roots  is  acid.  This  may  be  seen  by  holding  blue  litmus 
paper  against  roots  ; the  paper  turns  pinkowing  to  the  cell-sap 
which  oozes  out  from  the  cells  of  the  root.  When  a plant  is 
getting  food  from  the  soil,  some  of  the  sap  passes  out  into  the 
soil  and  decomposes  limestone  if  the  plant  is  growing  in  such 
a soil.  Thus,  roots  help  to  break  up  a rock.  This  is  often 
seen  in  Ivy  growing  on  walls  or  on  old  buildings  ; the  mortar 
becomes  broken  up,  and  the  wall  may  even  fall  down  through 
the  decay  produced  by  the  Ivy.  Rain  water  may  also  contain 
acids,  which  help  in  the  breaking  up  of  solid  rocks.  Thus,  by 
a process  of  constant  breaking  up  from  larger  to  smaller 
pieces,  the  hard  rock  forms  the  sub-soil ; the  sub-soil,  the 
surface  soil.  This  surface  soil  is  being  constantly  washed 
away  by  rain,  and  blown  away  by  high  winds.  Gradually 
the  sub-soil  comes  nearer  and  nearer  to  the  surface ; with  its 
particles  mingle  the  decaying  twigs  and  leaves,  and  the  sub- 
soil becomes  converted  into  a dark,  fine  mould. 

Drift  soils  are  found  in  valleys.  AVherever  soil  rests  on 
a slope,  it  tends  to  move  downwards.  This  downward  move- 
ment is  also  very  much  facilitated  by  the  action  of  rabbits, 
ants,  worms,  which,  with  their  burrows,  undermine  the  hillside. 
If  a river  winds  through  a valley,  it  will  receive  from  the 
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streams  that  have  coursed  down  the  hillsides  much  fine  soil, 
which  will  be  carried  to  some  other  part.  In  countries  where 
there  are  glaciers,  much  rock  material  is  found  on  the  moraines, 
and  when  England  was  under  ice,  rock  debris  must  have  been 
carried  considerable  distance. 

Classification  The  soils  most  commonly  found  in  our  islands 

of  Soils.  are  . 

1.  Calcareous  soils,  formed  from  limestones; 

2.  Clays,  usually  derived  from  the  geological  layer  known 
as  the  Lias,  sometimes  from  granite ; 

3.  Sandstones. 

The  terms  “marls”  and  “loams”  are  used  in  agriculture. 
A marl  is  a mixture  of  lime  and  clay  ; a loam,  of  clay  and 
sand.  Many  of  the  properties  of  these  soils  can  be  ascertained 
by  observation  and  simple  experiments.  The  colour  of  the 
soil  is  some  guide.  Hard  limestone  is  yellow  ; chalk,  or  soft 
limestone,  is  white.  The  natural  colour  of  clay  is  bluish-grey; 
when  weathered,  yellow.  Sandstones  are  reddish,  but  a red 
colour  may  also  be  produced  by  the  presence  of  iron  in  clay, 
so  that  colour  alone  is  not  a sufficient  means  of  identification. 
The  action  of  water  and  of  acids  on  soils  should  be  tested. 
When  crumbled,  clay  remains  suspended  in  water ; chalk 
makes  the  water  a little  cloudy,  but  the  particles  will  mostly 
sink  to  the  bottom,  and  not  dissolve.  The  action  of  acids  on 
limestone  is  to  dissolve  it,  the  limestone  effervescing  rapidly  ; 
on  pure  clay,  acids  have  no  effect,  but  if  the  clay  contains  lime 
there  will  be  a certain  amount  of  effervescence.  Clay  is  what 
gardeners  call  a heavy  soil ; sand,  a light  one.  As  a matter 
of  fact,  sand  weighs  more  heavily  than  clay,  but  it  is  an  easy 
soil  to  work,  whilst  clay  is  much  harder  to  dig. 

Common  garden  mould  is  usually  a mixture  of  gravel,  sand, 
and  clay.  It  is  easy  to  separate  the  gravel  and  coarse  sand 
by  passing  the  soil  through  a very  fine  sieve,  one  with  a mesh 
of  -5  millimetres.  The  substance  that  passes  through  such 
a sieve  is  silt  clay — i.e.,  a mixture  of  fine  sand  and  clay.  By 
means  of  a wash-bottle,  the  clay  can  be  separated  from  the 
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fine  sand ; the  clay  particles,  being  suspended  in  the  water, 
will  pass  off,  whilst  the  sand  settles  at  the  bottom.  The 
proportion  of  gravel,  sand,  clay,  is  determined  by  weighing 
each,  and  if  100  grammes  of  garden  mould  are  taken  to  begin 
with,  then  the  percentage  is  easily  calculated.  The  relative 
proportion  of  sand  and  clay  in  garden  mould  varies,  and  on 
this  depends  the  value  of  the  soil,  for  clay  is  rich  in  food- 
material,  and  sand,  poor. 

Leaf  mould  is  a richer  soil  than  ordinary  garden  mould. 
It  is  largely  composed  of  bits  of  twigs  and  leaves,  which  are 
rich  in  food-material.  If  some  leaf  mould  is  heated  in  a tin 
plate,  the  twigs  and  leaves  burn  up,  producing  a strong  smell, 
and  leaving  very  little  mineral  matter.  Seedlings  grow  very 
luxuriantly  in  leaf  mould,  the  roots  reaching  a great  length. 
Porosity  The  value  of  any  given  soil  depends  not  only 
of  Soil.  on  its  chemical  properties,  but  probably  even  more 
on  its  power  of  retaining  water. 

Experi-  Weigh  100  grammes  each  of  hard  limestone, 
meat  I.  (which  has  been  reduced  to  a powder  in  a mortar 
and  pestle),  garden  mould,  clay,  and  sand.  The  soil  should 
be  thoroughly  dried  either  in  the  sun  or  in  an  oven.  Place 
each  quantity  of  soil  in  a funnel  lined  with  filter-paper,  the 
stem  of  the  funnel  resting  in  a test-tube.  Pour  the  same 
quantity  of  water  in  each  funnel ; a moderate-sized  test-tube  full 
is  sufficient.  Note  how  many  seconds  the  water  takes  to 
trickle  through  each  soil,  and  the  height  reached  in  each 
test-tube. 

Result  The  water  ran  most  rapidly  through  the  sand 
and  garden  mould,  and  reached  a slightly  greater 
height  in  the  test-tube  under  the  funnel  with  the  sand. 
Hardly  any  water  came  through  the  limestone,  and  none 
through  the  clay. 

Conclusion  Cla T holcIs  much  more  vvater  than  sand,  which 

is  therefore  far  more  porous. 

Water  which  flows  freely  through  soil  is  said  to  percolate 
(Latin  per,  through,  and  colo,  to  strain) ; this  water  is  often 


144 


ELEMENTARY  BOTANY 


spoken  of  as  free  water,  and  is,  as  a rule,  injurious  to  plants 
if  allowed  to  accumulate  in  the  soil.  The  object  of  drainage 
is  to  get  rid  of  this  water,  for  the  roots  of  a plant  require  air, 
and  if  the  spaces  between  the  particles  of  soil  are  filled  with 
water,  the  plant  does  not  get  enough  air.  At  the  same  time, 
plants  must  have  water,  and  the  following  experiment  shows 
how  water  travels  from  a moist  to  a dry  part  of  the  soil. 

Experi-  Take  a lamp  chimney  the  same  diameter 
ment  II.  throughout.  Tie  a piece  of  muslin  over  one  end 
of  it,  and  fill  the  chimney  with  powdered  clay,  which  has 
been  thoroughly  dried.  Place  the  chimney,  muslin  end  down- 
wards, in  a jar  containing  water. 

Result  The  chimncy  vv^  gradually  be  moist 

from  the  bottom  upwards,  until  all  the  soil  has 

become  wet. 

The  water  must  have  risen  in  the  fine  air  spaces 
Conclusion.  , . . , ‘ 

between  the  particles  of  soil. 

The  force  which  causes  the  rise  of  liquids  in  narrow  tubes 
above  the  level  of  the  liquid  in  which  they  stand  is  known  as 
capillarity.  The  narrower  the  tube,  the  higher  the  liquid  rises. 
The  passage  of  water  through  the  soil  in  the  chimney  is  due 
to  the  force  of  capillarity  in  the  air  spaces  between  the  part- 
icles of  soil.  In  dry  weather  plants  depend  on  these  films  of 
“ capillary  ” water,  which  surround  the  particles  of  soil,  and 
most  plants  get  on  better  when  there  is  no  “free”  water 
between  the  particles  of  soil.  It  is  therefore  a mistake  to 
water  a garden  in  a dry  summer,  unless  watering  can  be  done 
regularly  and  thoroughly  enough  to  penetrate  as  far  as  the 
tips  of  the  roots.  The  effect  of  mere  surface  watering  is  to 
attract  the  roots  nearer  the  surface,  and  the  plants  are  much 
more  likely  to  die  when  the  supply  of  v/ater  gives  out  than 
they  would  be  if  left  to  get  the  water  for  themselves.  Roots 
will  grow  longer  and  longer  in  their  search  after  water, 
whereas,  if  the  surface  soil  is  watered  irregularly  or  incom- 
pletely, the  roots  tend  to  remain  near  the  surface,  and  then, 
when  the  supply  of  water  fails,  the  plant  dies. 
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Result. 


Conclusion. 


„ , , Soil  has  to  be  well  drained,  and  the  free  water 

Volume  of  . 

Air  in  dry  not  allowed  to  accumulate,  in  order  that  the  roots 
So11'  may  get  sufficient  air,  for  no  part  of  a plant  can 
live  without  oxygen.  In  order  to  see  how  much  more  air 
dried  soil  contains  than  wet,  the  following  experiment  may 
be  tried  : 

Experi-  Take  two  glass  jars  of  the  same  inside  diameter. 

ment  III.  Pour  water  into  one  jar,  until  it  is  nearly  half  full, 
and  mark  the  level.  Into  the  other  jar  put  dry  soil  until  it 
reaches  the  same  height  as  the  water  in  the  first  jar.  The 
volumes  of  the  soil  and  water  in  the  two  jars  are  now  about 
equal.  Pour  the  dry  soil  into  the  jar  containing  water. 

The  level  of  the  water  rises  a little,  but  not 
anything  like  twice  its  original  height. 

The  soil  contains  air,  and  the  water  has  filled 
the  air  spaces. 

If  a similar  experiment  is  tried  with  thoroughly  wet  soil, 
the  water  rises  to  about  twice  the  original  height,  for  a very 
wet  soil  has  practically  no  air  in  it.  A water-logged  soil 
without  air  is  injurious  to  most  plants.  Drainage  improves 
the  texture  of  soil  and  increases  its  warmth  ; such  a soil 
responds  to  the  sun’s  heat  in  spring,  and  is  said  by  farmers  to 
be  warm  and  early,  whereas  undrained  land  is  always  cold 
and  late. 

Another  advantage  is  that  rain  water  sinks  into  land 
which  has  been  drained  far  more  easily  than  into  water- 
logged soil,  and  as  this  water  often  contains  nutrient  materials 
derived  either  from  the  air  or  from  manure,  the  food  supply 
of  the  plant  is  increased.  In  flat  meadows  adjoining  a river, 
the  water  is  best  drawn  off  by  ditches  ; where  the  soil  is 
impervious,  tile  drains  are  generally  used.  It  was  not  until 
the  middle  of  the  eighteenth  century  that  attention  was  paid 
to  drainage,  for  before  that  date  what  is  known  as  the  “open- 
field  ” system  of  I olding  land  existed  ; the  complete  holding 
of  each  village  was  so  distributed  that  each  man  had  his  share 
in  three  different  fields.  If  one  man  drained  his  bit  of  land, 
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Conclusion. 


his  neighbour  might  block  up  the  outlets  and  prevent  the 
water  flowing  away.  Between  the  years  1830  and  1870 
some  three  million  acres  of  heavy  land  were  drained,  and  in 
consequence  rendered  more  fertile.  The  ridge  and  furrow  so 
constantly  found  in  pastures  is  due  to  drainage,  and  is  also 
an  indication  that  that  piece  of  land,  now  under  grass,  was 
once  under  the  plough  and  planted  in  corn. 

In  estimating  the  relation  of  the  plant  to  the  soil  the 
following  experiments  may  be  performed  : 

Experi-  Weigh  ten  cress  seeds.  Compare  with  their 
ment  IV.  weight  that  of  ten  seedlings  which  have  been 
grown  from  similar  seeds  in  moist  earth  for  a week. 

Result.  The  seedlings  weigh  more  than  the  seeds. 

The  increase  in  weight  may  be  due  to  the  fact 
that  the  seedling  has  obtained  something  from  the 
soil,  or  from  the  air,  or  from  both  the  soil  and  the  air. 

The  next  experiment  is  more  difficult,  and  involves  the  use 
of  a good  balance  and  a water-bath.  It  is  inserted  here,  for 
if  even  the  experiment  cannot  be  repeated  owing  to  the  want 
of  apparatus,  it  serves  at  any  rate  to  show  that  plants  grown 
in  the  light  are  heavier  than  those  grown  in  the  dark,  other 
conditions  being  equal,  and  that  therefore  plants  do  get  food 
from  the  air. 

Weigh  two  quantities  of  mustard  seed,  say 
10  grammes.  Let  one  set  grow  in  moist  air  in 
the  dark , the  other  set  in  exactly  similar  conditions,  but  in  the 
light.  After  these  have  been  growing  for  a week  compare 
their  growths. 

Those  grown  in  the  dark  will  be  longer  than  those  grown 
in  the  light,  but  more  straggling,  less  healthy-looking.  Now 
dry  both  sets  in  a water-bath,  and  after  that  weigh. 

It  will  be  found  that  those  grown  in  the  dark 
weigh  much  less  than  those  grown  in  the  light. 

Plants  grown  in  the  light  take  in  something 
from  the  air  which  plants  grown  in  the  dark 
do  not  take  in. 

In  the  next  chapter,  when  the  relation  of  the  plant  to  the 
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Result. 


Conclusion. 
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air  will  be  discussed,  it  will  be  shown  that  tbis  substance  ia 
carbon  dioxide.  The  important  point  now  is,  that  plants  grown 
in  the  light  do  get  food  from  the  air. 

Plant  ten  cress  seeds,  the  weight  of  which 
Experiment  VI.  ^ |jeen  aGeertained,  in  moist  earth,  and  keep 

them  in  the  dark  for  a week.  Then  weigh  the  seedlings. 
Result.  The  seedlings  are  heavier  than  the  seeds. 

The  seedlings  must  have  taken  up  something 

Conclusion.  , , • 

from  the  soil. 

We  have  already  seen  in  the  preceding  chapter  that  plants 
do  take  in  water  through  their  root-hairs.  Water  is  not  the 
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Fm.  141.  — Seedling  Fro.  142.— Seedling 
in  Water  Cul-  in  Distilled 

ture  Solution.  Water. 

only  substance  the  plant  gets  from  the  soil.  To  prove  this 
experimentally  plants  have  been  grown  in  solutions  contain- 
ing those  substances  which  enter  into  the  composition  of  the 
plant.  The  solution  which  is  generally  used  is  the  onr 
recommended  by  the  German  botanist  Sachs,  see  Appendix  A 
It  will  be  referred  to  in  future  as  the  ‘ Water  Culture  Solu- 
tion.' 
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Experiment  VII  Take  two  healthy  seedlings  (Wallflower  is 
convenient),  keep  one  with  its  roots  in  dis- 
tilled water,  the  other  with  its  roots  in  water  culture  solu- 
tion. 


Result. 


Conclusion. 


The  first  does  not  thrive,  and  after  a time  dies ; 
the  second  flourishes.  (Compare  Figs.  141,  142.) 

A plant  requires  something  besides  water  on 
which  to  live,  and  as  the  substances  in  the  water 
culture  solution  are  present  in  most  soils,  it  is  clear  that  the 
plant  gets  from  the  soil  not  only  water,  but  lime,  potash,  etc. 
It  is  true  that  plants  often  grow  when  seeds  are  supplied 
only  with  tap-water,  as  those  of  the  bean  or  pea.  The  reason 
is  that  these  seeds  contain  a great  deal  of  food  in  their  coty- 
ledons, and  tap-water  is  not  pure  water. 

Plants  must  have  for  food  : Nitrogen,  sulphur,  phosphorus, 
chlorine,  potassium,  calcium,  magnesium,  iron,  carbon,  oxygen, 
hydrogen.  And  that  this  is  the  case  may  be  proved  experi- 
mentally by  growing  plants  in  water  culture  solution,  from 
which  one  or  other  of  these  substances  has  been  omitted.  It 
will  be  found,  if  any  one  is  omitted,  that  the  plant  docs  not 
thrive,  and  may  even  die. 

Take  two  plants  with  uninjured  roots,  and 
Experiment  VIII.  ^ace  Qne  water  which  there  has  been 

put  a few  drops  of  eosin ; place  the  other  plant  in  water  con- 
taining powdered  carmine. 

The  eosin  which  dissolves  is  taken  in,  and  if 
ResUlt'  the  stem  of  the  plant  is  cut  across,  the  wood  will 
oe  seen  to  be  coloured.  The  carmine  is  not  dissolved,  is  not 
taken  into  the  plant,  and  the  wood  is  not  coloured.  . , 

Plants  can  absorb  only  those  substances  whicQ 
Conclusion.  ^ -n  golution. 

We  may  now  sum  up  the  chief  facts  with  regard  to  the 
food  obtained  by  the  plant  from  the  soil.  The  first  necessity 
is  water,  for  no  solid  can  be  taken  in  as  solid,  it  must  e 
in  solution  in  order  to  be  absorbed,  and  able  to  pass  through 
the  cells  of  the  plant.  Further,  water  is  an  essential  con, 
itituent  of  the  protoplasm  and  coll-wj-U. 
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The  experiments  in  water  culture  show  that  certain  sub- 
jtances,  enumerated  above,  are  necessary  for  the  life  of  the 
plant;  if  any  are  omitted  the  plant  will  not  thrive.  Without 
iron,  for  instance,  the  plant  will  not  be  green.  Many  plants, 
however,  take  in  other  substances,  for  instance,  silica,  which 
forms  a very  large  part  of  the  composition  of  wheat.  This  is 
the  reason  that  farmers  plant  a succession  of  crops  in  the 
same  field.  It.  Norfolk,  turnips  are  followed  by  barley,  barley 
by  clover,  and  that  by  wheat.  Clover  requires  a great  deal 
of  potash,  wheat  very  little,  so  that  when  clover  has  ex- 
hausted the  soil  of  potash,  it  is  only  wise  to  put  in  a plant 
like  wheat,  which  does  not  require  much.  Clover,  again, 
requires  a great  deal  of  lime,  wheat  hardly  any.  Farmers 
who  wish  to  get  as  much  as  possible  out  of  their  land  get 
chemists  to  analyse  the  plant  they  wish  to  grow,  and  also  the 
soil  of  the  field  in  which  they  propose  to  grow  it,  and  if  the 
soil  is  found  to  be  deficient  in  any  substance  necessary  for 
that  particular  plant,  they  get  manure  which  is  specially  made 
to  supply  the  deficiencies  of  the  soil,  and  to  provide  the  plant 
with  the  food  it  requires.  During  the  last  twenty  or  thirty 
years,  land  in  Barbados  has  been  made  to  yield  crops  of  sugar- 
cane nearly  half  as  large  again  as  it  used  to  do  before  chemical 
manure  was  applied  to  it. 

Absorption  of  Nitrogen  is  taken  in  from  the  soil  in  the  form 

Nitrogen.  0f  nitrates  (compounds  of  nitrogen),  and  all 
higher  plants  must  take  in  nitrogen  in  this  way,  for  they 
cannot  absorb  the  free  nitrogen  of  the  atmosphere.  Legu- 
minous plants,  however,  appear  to  get  their  nitrogen  indirectly 
from  the  free  nitrogen  of  the  air.  The  facts  in  support  of 
this  statement  are  : (1)  These  plants  will  flourish  in  soil  from 
which  all  traces  of  nitrogenous  compounds  have  been  removed  ; 
(2)  it  is  found  that  soil  in  which  leguminous  plants  have  been 
grown  is  richer  in  nitrates  at  the  end  of  a crop  than  it  was 
before.  It  follows,  therefore,  that  somehow  or  other  these 
plants  must  get  free  nitrogen  from  the  atmosphere — how  is 
not  yet  positively  known. 

These  plants  have  little  swellings  on  the  roots,  which  arq 
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produced  by  a fungus.  This  fungus,  it  is  believed,  can  make 
use  of  the  free  nitrogen  of  the  atmosphere,  building  up  some 
compound  of  nitrogen  which  it  hands  on  to  the  plant. 

The  important  thing  to  notice  is,  that  the  plant  gets  the 
nitrogen  from  the  atmosphere  indirectly  through  another 
organism,  and  through  its  roots,  not  its  leaves. 
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CHAPTER  XIX 

THE  RELATION  OF  THE  PLANT  TO  THE  AIR 

AlR  is  a mixture  of  certain  gases,  chiefly  nitrogen  (and  argon) 
and  oxygen,  with  small  quantities  of  carbon  dioxide  and  a 
varying  amount  of  water-vapour.  The  relation  of  plants  to 
the  air  is  threefold  : 

1.  They  take  in  oxygen  and  give  out  carbon  dioxide.  This 
is  respiration. 

2.  They  take  in  carbon  dioxide  and  give  out  oxygen  in 
connection  with  the  manufacture  of  food.  This  is  assimila- 
tion. 

3.  They  give  out  water-vapour.  This  has  already  been 
discussed  under  transpiration. 

Experiments  show  that  a plant  is  not  capable  of  using  the 
free  nitrogen  of  the  air  except  indirectly,  therefore  that  con- 
stituent may  be  disregarded. 

During  this  process,  oxygen  is  taken  in  and 
Respiration.  , f.  , ,v  . 

carbon  dioxide  given  out.  1 he  tests  that  may 

be  applied  to  detect  the  absence  of  oxygen  and  the  presence 

of  carbon  dioxide  are  the  following : A taper  will  not  burn 

in  air  from  which  the  oxygen  has  been  exhausted,  and  lime- 

water  is  turned  milky  by  the  presence  of  carbon  dioxide. 

These  tests  will  be  applied  in  the  experiments  on  respiration 

of  plants. 

Take  an  empty  iar  (i.e.,  one  containing  only 
Experiment  I.  . , . . , 1 J „ 1 ’ . . TT  . 

air),  which  we  will  call  I.,  and  another  jar  II.,  in 

which  germinating  seeds  have  been  kept  tightly  corked  for 

twenty-four  hours.  Plunge  a lighted  taper  into  each. 

Result  The  taper  burns  in  I.,  and  will  not  burn  in  II. 

Oxygen  is  present  in  I.,  but  little  or  no  oxygen 
Conclusion.  . / ’ . i . 

m II.,  therefore  the  germinating  seeds  have  usea 

up  the  oxygen  in  II. 


11 
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Experiment  II. 


Take  an  empty  jar  I.,  and  another  jar  11.,  in 
which  germinating  seeds  have  been  kept  tightly 
corked  for  twenty-four  hours.  Pour  lime-water  into  each  jar 
and  shake  up. 

The  lime-water  does  not  change  in  I.,  bui 
becomes  milky  in  II. 

There  is  little  or  no  carbon  dioxide  in  I.  and 
enough  in  II.  to  be  tested,  therefore  carbon 
dioxide  has  been  given  out  by  the  germinating  seeds. 


Result. 


Conclusion. 


Put  some  ger- 
Experiment  III.  mjna^|ng  seeds 

into  a jar,  and  also  a test-tube 
containing  caustic  potash.  Cork 
the  jar  with  an  india-rubber 
cork,  into  which  has  been  fitted 
a bent  tube  with  coloured  liquid. 

The  pressure  of  air 

Result.  -n  £]ie  jar  ge^g  iesS) 

and  the  liquid  gradually  rises 
along  the  bent  arm  of  the  tube. 

As  caustic 

Conclusion.  potagh  ig  known 

to  absorb  carbon  dioxide,  the 
pressure  of  air  in  the  jar  is 
being  diminished  by  the  amount 
of  oxygen  taken  in  by  the  seeds, 
and  the  liquid  rises  because  the 
pressure  inside  the  jar  is  less  th*n  the  atmospheric  pressure  on 
the  exposed  surface  of  the  liquid  in  the  bent  tube. 

This  experiment  is  more  satisfactory  than  Experiment  I.,  for 
in  this  case  the  carbon  dioxide  being  absorbed  by  the  caustic 
potash,  the  only  change  going  on  in  the  air  of  the  jar  is  the 
withdrawal  of  oxygen.  These  experiments  show  clearly  that 
plants  take  in  oxygen  from  the  air  and  give  out  carbon  dioxi  e. 

Take  some  germinating  barley  seeds  ana 
Experiment  IV.  ^ gome  barley  seeds  which  have  been  killed 

by  boiling  Place  them  respectively  in  two  vessels  surrounding 


Fig  143.— Apparatus  to  show 
that  Plants  take  in 
Oxygen. 


jar 


Result. 


Conclusion. 

Experi- 
ment V. 


Result. 


Conclusion. 
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two  thermometers.  The  vessels  must  stand  in  a dish  con- 
taining caustic  potash,  so  that  the  carbon  dioxide  given  out  by 
the  germinating  seeds  may  be  absorbed.  Cover  with  a bell- 
(See  Fig.  14  4.) 

The  thermometer  in  the  vessel  with  the  germi- 
nating seeds  is  2°  above  that  in  the  other  vessel. 
Heat  is  given  out  in  breathing. 

Take  some  germinating  seeds  which  have  been 
kept  in  bottles  in  the  dark  for  a day,  and  repeat 
Experiments  I.  and  II.  , 

The  same  as 
before. 

Respiration 
goes  on  in  the 

dark. 

The  above  experiments 
show  that  during  respira- 
tion plants  are  taking  in 
oxygen  and  giving  out 
carbon  dioxide  ; that  re- 
spiration, therefore,  can- 
not take  place  to  any 
great  extent  without  oxy- 
gen ; that  during  respira- 
tion heat  is  produced,  and 
that  it  goes  on  in  the  dark 
as  well  as  in  the  light. 

We  have  already  seen 
that  a plant  consists  of 

cells,  and  that  each  cell  consists  of  protoplasm.  We  must  now 
picture  all  the  cells  of  a plant  breathing,  and  during  this  process 
taking  in  oxygen,  which  is  necessary  for  them  if  they  arc  to 
keep  well  and  able  to  do  their  work,  and  at  the  same  time  giving 
out  carbon  dioxide,  produced  by  the  decomposition  of  the  cell 
protoplasm.  The  respiration  of  plants,  therefore,  is  similar  to 
that  of  animals.  If  animals  are  shut  up  with  an  insufficient 
supply  of  air,  after  a time  they  cease  to  breathe,  and  die,  as  in 
the  Black  Hole  of  Calcutta,  owing  to  the  absence  of  oxygen. 


Fio. 


144. — Production  of 
Respiration. 


Heat  in 


gs,  germinating  seeds ; cp,  caustic  potash  ; 
t,  thermometer. 
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Experiment  VI. 

Result. 

Conclusion. 

Assimilation. 


The  next  experiment  shows  that  carbon  dioxide  is  given 
ont  by  animals  in  breathing. 

Take  a vessel  with  lime-water  and  breath0  into 
it  for  some  minutes. 

The  lime-water  turns  milky. 

Carbon  dioxide  has  been  given  out  in  breathing. 
As  breathing  involves  the  breaking  down  of 
protoplasm,  there  must  be  a building  up  of  fresh 
protoplasm  by  the  plant  to  repair  the  waste.  The  first  step 
in  this  process  is  assimilation. 

Green  plants  obtain  carbon  dioxide  from  the  air.  It  is 

not  easy  to  show  this  directly, 
because  carbon  dioxide  is  con- 
stantly being  given  out  in 

respiration.  It  can,  however, 
be  shown  experimentally  that 
under  certain  conditions  green 
plants  make  starch  out  of 

carbon  dioxide  taken  from  the 

and  water  obtained  from 


air 

the  soil.  It  is  therefore  as- 
sumed in  the  following  experi- 
ments that  the  presence  of 
starch  shows  that  the  plant  has 
been  taking  in  carbon  dioxide 

from  the  air.  The  test  for  starch 
is  iodine,  which  turns  it  blue. 

Take  two  pots 

Experiment  A.  of  Cloverj  A and 

B.  Cover  each  with  a bell-jar. 
A has  a U-tube  containing  soda-lime  passing  through  the 
stopper  of  the  bell-jar.  Soda-lime  absorbs  carbon  dioxide,  so 
that  the  air  which  reaches  the  Clover  is  freed  of  carbon 
dioxide  Some  caustic  potash  should  be  placed  under  the 
bell-jar  of  A to  absorb  the  carbon  dioxide  breathed  out  by  the 
plant.  Pot  B has  attached  to  it  a U-tubo  open  to  the  air 
Expose  both  pots  to  the  sun  for  some  time— an  hour 


Fm.  145.— Apparatus  to  show 
that  Plants  will  not  make 
Starch  when  deprived  of 
Carbon  Dioxide. 


or 
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Result. 


Conclusion. 


two.  Take  a leaf  off  each.  Boil  the  leaf  in  water  for  a 
minute,  then  put  into  alcohol  in  order  to  get  out  the  green 
colouring  matter  of  the  leaf.  Lastly,  put  the  leaves  into  iodine. 

The  leaf  from  A does  not  turn  dark-blue,  that 
Result.  from  [3  joes  Starch  is  therefore  present  in  B, 

but  not  in  A. 

Leaves  exposed  to  air  containing  carbon 
Conclusion,  dioxide  form  starch,  whilst  leaves  exposed  to 
air  freed  of  carbon  dioxide  do  not  form  starch.  Evidently, 
carbon  dioxide  is  necessary  for  the  production  of  starch. 

Cover  some  of  the  leaflets  of  Clover  with  tin- 
Experiment  B.  ^-j  Qn  spjes,  an(}  exp0se  the  plant  to  the  sun. 

Cut  off  leaves,  boil,  decolorise,  and  test  with  iodine  as  above. 

The  leaflets  which  have  beer  covered  over,  so 
that  the  sunlight  could  not  reach  them,  do  not 
form  starch.  The  others  do. 

Plants  take  in  carbon  dioxide  only  in  the 
presence  of  sunlight. 

Young  Tropaeolum  plants  also  give  good  results,  and  this 
experiment  may  be  varied  by  cutting  the  tinfoil  in  patterns 
and  covering  only  part  of  the  leaf.  The  part  of  the  leaf  that 
is  exposed  makes  starch,  and  therefore  turns  blue  when  the 
iodine  test  is  applied ; the  covered  part  of  the  leaf  does  not 
make  starch,  and  therefore  does  not  turn  blue. 

Take  a variegated  leaf,  keep  in  the  dark  for 
some  time  in  order  that  there  may  be  no  starch 
in  the  leaf  to  begin  with  ;*  then  expose  to  the  light,  and  after 
some  time  test  for  starch  as  above. 

Only  the  green  portions  of  the  leaf  turn  blue 
with  iodine — that  is,  starch  is  formed  only  in 
the  green  parts  of  the  leaf. 

Carbon  dioxide  can  be  taken  in  only  by  the 
green  parts  of  a plant. 

Take  a leaf  with  stomata  on  one  side  only; 
smear  this  side  with  vaseline,  expose  the  leaf 

* It  is  always  better  in  experiments  on  assimilation  to  keep  the  plant  in 
the  dark  for  some  little  time  to  secure  there  being  no  starch. 


Experiment  C. 


Result. 


Conclusion. 


Experiment  D. 
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to  the  influence  of  sunlight  for  some  hours,  and  then  apply 
the  iodine  test  as  above. 


Result. 


Conclusion. 

Experi- 
ment E. 


Result. 


when  the  stomata 


Conclusion. 


No  starch  detected. 

Starch  is  only  formed 
are  open. 

Place  a shoot  of  watercress  in  a beaker  of 
water ; cover  it  with  an  inverted  funnel,  over  the 
end  of  which  is  a test-tube  filled  with  water.  Place  in  sunlight. 

Bubbles  of  gas  are  given  off  from  the  water- 
cress and  pass  up  the  test-tube,  where  they  may 
be  collected.  If  tested,  the  gas  is 
found  to  be  oxygen. 

Oxygen  is  given  off  by 
green  leaves  in  sunlight 
— that  is  to  say,  under  the  same  con- 
ditions necessary  for  the  taking  in  of 
carbon  dioxide  by  the  plant. 

We  may  now  assert  that  starch  is 
formed  by  the  green  parts  of  leaves, 
which  take  in  carbon  dioxide  from 
the  air,  but  only  in  the  presence  of 
sunlight,  and  if  the  stomata  of  the  leaf 
arc  open. 

Starch,  chemists  tell  us,  is  built  up 
from  carbon  and  water;  the  green 
part  of  the  leaf  has  the  power  of  separating  the  carbon  from 
the  carbon  dioxide  and  keeping  it  for  the  purpose  of  making 
starch,  the  oxygen  of  the  carbon  dioxide  being  at  the  same 
time  given  back  to  the  air.  The  water  necessary  for  the 
making  of  starch  is  absorbed  by  the  roots,  passes  through  the 
plant  (Chapter  XVII.)  to  the  leaves ; thus  with  carbon  and 
water  the  leaf  makes  starch. 

» Plants  in  using  up  carbon  dioxide  help  to  keep  the  air 
pure  ; this  is  the  reason  that  it  is  good  to  have  them  in  the 
room  during  the  day,  but  it  is  unhealthy  to  have  them  in  a 
bedroom  at  night  • for  then,  sunlight  being  absent,  they  are 
not  using  carbon  dioxide  at  all. 


Fig.  146. — Apparatus  to 
show  that  Green 
Plants  give'  out 
Oxygen  when  making 
Starch. 
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When  the  starch  is  made  in  the  leaf  it  is  changed  into 
sugar,  and  in  this  form  is  distributed  through  the  plant, 
passing  especially  to  the  seeds  and  tubers,  where  it  is  recon- 
verted into  starch  and  stored  up.  It  must  be  remembered 
that  although  seeds,  bulbs,  and  tubers  contain  plenty  of  starch, 
they  do  not  make  it  in  the  first  instance : they  are  the  chief 
storehouses  of  the  plant.  Thus,  if  the  leaves  of  Snowdrops 
are  cut  off  as  soon  as  the  plant  has  flowered,  the  next  year’s 
corm  is  not  formed,  owing  to  its  not  having  received  food 
through  the  leaves. 

The  making  of  starch  from  carbon  dioxide  and  water  is 
commonly  spoken  of  as  assimilation,  but  this  is  only  one  of 
many  instances  of  the  building  up  of  substances  that  is  con- 
stantly going  on  in  the  plant. 


COMPARISON  OF  THE  PROCESSES  OF  RESPIRATION 
AND  ASSIMILATION 

RESPIRATION.  ASSIMILATION. 


I-  Carbon  dioxide  given  off. 

2.  Oxygen  taken  in. 

S.  Goes  on  in  all  parts  of  the 
plant,  and  at  all  times. 

4.  A processcommon  to  piants 
and  animals  alike. 


1.  Carbon  dioxide  taken  in. 

2.  Oxygen  given  out. 

3.  Goes  on  in  green  parts  of 

the  plant,  and  only  in  sun 
light. 

4.  Takes  place  in  plants  alone 

and  only  under  certain 
conditions. 
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CHAPTER  XX 

GROWTH 

nave  seen  in  the  previous  chapters  that  a plant  breatnes 
and  cakes  in  food  material,  including  water,  from  the  air  and 
the  soil.  Out  of  the  food  material  thus  taken  in,  the  plant 
builds  up  its  own  protoplasm,  which  is  present  in  every  living 
cell.  There  is  thus  constant  chemical  change  taking  plaee  in 
a plant.  Unfortunately  it  is  impossible  in  this  book  to  give 
the  experiments  by  which  this  may  he  demonstrated,  as  they 
, are  very  complicated,  and  need  much  apparatus  ; but  from 
what  has  already  been  said  it  will  be  clear  that  the  chemical 
processes  going  on  in  a plant  may  be  grouped  under  two 
heads  : 

1.  There  is  the  building  up  of  complex  substances  from 
simpler  ones. 

2.  The  breaking  down  of  complex  substances  into  simpler 
ones. 

The  making  of  starch,  the  building  up  of  the  cell-wall  ana 
of  protoplasm — the  most  complex  substance  in  the  plant — are 
instances  of  the  building  up  of  complex  substances  common  to 
all  green  plants.  To  these  may  be  added  the  building  up 
of  special  substances  by  certain  plants,  e.g , asparagin  by 
Asparagus,  olive-oil  by  the  Olive  plant ; resin,  gum,  etc. 

The  breaking  up  of  protoplasm  which  is  going  on  in  living 
cells,  and  the  consequent  giving  off  of  carbon  dioxide,  which  is 
given  out  in  respiration,  is  the  most  conspicuous  instance  of 
the  second  group. 

When  the  building  up  of  substances  exceeds  the  breaking 
down,  or,  in  other  words,  when  the  income  of  a plant — that 
is,  the  food  taken  in — is  greater  than  its  expenditure,  theu 
growth  takes  place. 
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The  following  experiments  illustrate  the  conditions  under 
which  growth  takes  place  : 

Take  some  seeds,  soak  in  cold  water,  and 
*xperlmenc  I janj.  either  in  sawdust  or  cocoanut  fibre.  Leave 

for  a few  days. 

Put  some  other  seeds  in  boiling  water  and  treat  as  above. 

After  a few  days  the  seeds  soaked  in  cold 
water  will  be  found  germinating.  Those  put  first 
in  boiling  water  will  show  no  signs  of  germination  or  of  life; 
they  are,  in  fact,  dead,  having  been  killed  by  the  boiling  water. 

Growth  is  possible  only  when  the  plant  is 


Result. 


Conclusion. 


living. 


Experiment  II. 

Result. 

Conclusion. 

Experiment  Ill- 


Result. 


Conclusion. 


Take  two  seedlings.  Water  one  (A)  care- 
fully every  day,  but  do  not  water  the  other  (B; 
A grows,  B does  not. 

Water  is  necessary  for  growth. 

Take  two  growing  beans,  suspend  from  corks 
of  two  jars  (Fig.  12).  Put  a little  water  at 
the  bottom  of  one  jar  (A),  so  that  the  roots  are  in  moist  air, 
whilst  in  jar  B the  water  covers  the  cotyledons. 

The  plant  in  jar  A grows  much  faster  than 
that  in  jar  B 

Plants  grow  best  when  exposed  to  free 
oxygen.  This  experiment  also  shows  the 

necessity  of  a certain  amount  of  water  for  a plant,  and  the 
disadvantage  of  overwatering;  it  explains,  too,  why  draining 
is  necessary. 


Take  two  air-tight  jars,  to  the  cork  or  eacn 
Experiment  IV.  . . ° J 

of  which  a moist  sponge  on  which  cress  seeds 

have  been  sowed  is  fastened. 

In  the  bottom  of  one  jar  there  should  oe  a little  water,  in 
the  other  pyrogallic  acid,  which  takes  the  oxygen  out  of  the  air. 

Result  Idle  seeds  will  not  grow  in  the  jar  with  nyro- 

gallic  acid. 

Conclusion  pyrogallic  acid  has  taken  the  oxygen  out 

of  the  air  in  the  jar,  it  is  clear  that  oxygen  is 
necessary  to  growth. 
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Growth  cannot  take  place  without  food ; this  has  already 
been  shown  in  the  water-culture  experiments  (Chapter  X V 1 1 1 . ). 
Seeds,  bulbs,  tubers,  are  able  to  grow  at  the  expense  of  the 
reserve  material  stored  up  in  them,  but  when  this  is  exhausted 
plants  must  have  food  material  supplied  to  them,  and  must  be 
in  contact  with  the  air ; so  that  they  can  get  not  oidy  the 
oxygen,  but  also  the  carbon  dioxide,  which  they  require  for 
the  formation  of  starch. 

Plants  which  live  either  on  decaying  material,  or  on  living 
organisms,  obtain  their  food  from  the  substance  or  organism 
on  which  they  are  living. 

To  sum  up,  the  conditions  of  growth  are:  (1)  The  plant 
must  be  living;  (2)  the  plant  must  have  water  ; (3)  the  plant 
must  have  free  oxygen ; (4)  the  plant  must  have  food,  both 
from  the  air  and  soil. 

The  rate  of  growth  should  be  measured  day  by  day.  This 
may  be  done  in  the  case  of  the  root  by  marking,  with  a 
camel’s-hair  brush  and  Indian  ink,  the  tip  in  millimetres 
(Fig.  12),  and  measuring  exactly  the  additions  of  every  twenty- 
four  hours.  In  the  same  way  the  growing  point  of  a stem 
may  be  marked  and  measured. 

The  next  series  of  experiments  illustrates  the  effect  of 
external  conditions  on  plant-life. 

Plant  seeds  in  moist  earth,  grow  some  in  the 
Experiment  A.  0tpers  in  the  light,  and  note  the  difference. 

They  must  be  kept  watered.  At  the  end  of  a month  they 
may  be  compared. 

Or,  instead  of  seeds,  it  i?  interesting  to  compare  two 
hyacinth  bulbs  of  identical  spernes.  They  should  be  put  in 
hyacinth  glasses  filled  with  water,  so  that  the  bottom  of  the 
bulb  is  just  above  the  water,  towards  the  end  of  October 
or  the  beginning  of  November ; both  should  be  left  for 
about  six  weeks  in  the  dark  until  the  roots  are  fully  formed. 
Then  one  may  be  kept  in  a dark  cupboard,  the  other,  if  possible, 
in  the  same  room  in  a window.  Care  must  be  taken  that 
there  is  always  water  in  the  hyacinth  glass  ; but  as  the  bulbs 
contain  food  material,  it  is  not  necessary  to  supply  them  with 
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food.  Some  time  in  February  the  Hyacinths  will  probably 
flower,  and  then  they  may  be  compared.  It  will  be  found 
that  the  one  grown  in  the  dark  has  a longer  and  more 
straggling  stem  than  the  one  grown  in  the  light.  The  leaves 
are  yellow,  not  green,  for,  owing  to  the  absence  of  light,  the 

dark  green  colouring  matter  has 
not  been  formed.  The  one  grown 
in  light  has  dark  blue  flowers,  and 
the  other  a very  pale  bluish  flower, 
almost  colourless. 

Sometimes  Hyacinths  which 
have  been  grown  in  the  ivay  just 
described  do  not  give  the  expected 
results,  and  then  it  will  be  found 
that  the  other  conditions  have  not 
been  similar.  Perhaps  the  one  in 


'I 


Fig.  147. — Seedling  of 
Pea  grown  in  Light. 

the  window  has  been 
exposed  to  a different 
temperature  than  the 
one  in  the  cupboard, 
or  the  latter  may  not 
have  had  as  much  free 
oxygen  as  the  former. 

It  is  very  important  in  comparing  the  effect  of  light  and  dark- 
ness on  growth  to  try  and  secure  that  the  other  conditions  be 
exactly  similar.  A good  w'ay  of  securing  this  is  to  take  a 
growing  plant,  such  as  a Vegetable  Marrow  or  Potato,  and 
to  introduce  the  growing  point  of  the  stem  into  a cardboard 
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box,  and  then  after  some  days  to  compare  the  stem  and  leaves 
of  that  part  of  the  plant  grown  in  the  box  with  the  growth  ot 
the  part  outside.  It  will  be  found  in  all  cases  that  light 
(a)  retards  growth  in  length  of  stem  ; (b)  makes  the  leaves 


Fro.  149. — Mimosa  Leaf  (Day 
Position). 


Fig.  1 50.  -Mimosa  Leaf  (Niuht 
Position). 


bigger  and  diverge  further  from  the  stem  ; (r)  promotes  the 
formation  of  the  dark  green  colouring  matter  of  leaves. 

Grow  plants  in  a window  in  order  to  note  the 
effect  of  the  direction  of  light.  Nasturtium 
Dead  Nettle,  Mustard,  give  good  results. 

The  stems  curve  towards  the  light,  and  the 
leaves  will  be  found  to  place  themselves  at  right 
angles  to  the  direction  in  which  the  light  is  falling. 

Leaves  place  themselves  so  as  to  secure  as 
much  light  as  possible. 

This  principle  to  some  extent  explains  the  arrangement  of 
leaves  of  a certain  shape  on  a stem.  (See  Chapter  Y.) 
Seedlings  may  be  put  to  grow  under  double  wall  bell-jars, 
one  of  which  may  contain  a solution  of  potassium  bichromate 


Result. 


Conclusion. 
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Experiment  C. 


Result. 


Conclusion. 


(yellow),  the  other  a solution  of  copper  sulphate  (blue).  The 
difference  in  the  two  should  be  carefully  noticed. 

Cover  up  a plant  of  Wood  Sorrel  (Oxalis) 
under  a bell-jar. 

During  the  day  the  three  leaflets  are  spread 
out ; as  evening  approaches  they  close  up. 

Some  plants  are  affected  by  alternation  of 
day  and  night.  These  sleep  movements,  as 
they  are  called,  are  very  well  seen  in  Mimosa  (Sensitive  plant). 
It  is  most  fascinating  to  watch  the  Mimosa  bushes  in  a garden 
hedge  closing  up  as  evening  approaches,  as  can  be  done  in 
the  tropics,  where  Mimosa  is  a common  outdoor  plant. 
During  the  day  the  delicate  leaves  spread  out ; at  sunset  thev 
fold  up,  so  that  not  a blade  is  visible. 

Attach  a young  Bean  seedling  to  the  cork  of 
a bottle  with  water  in  the  bottom,  in  such  a 
way  that  the  radicle  points  upwards. 

The  radicle  will  curve  round  so  as  to  grow 
towards  the  centre  of  the  earth. 

The  radicle  is  affected  by  gravity  in  such  a 
way  that  the  tip  grows  towards  the  centre 
of  the  earth.  (See  Note  at  end  of  chapter.) 

It  would  be  interesting  to  know  why  the  radicle  should 
be  affected  by  gravity  when  the  lateral  branches  of  the  root 
are  not.  At  present  it  is  only  possible  to  state  the  facts. 

Grow  seedlings  of  Mustard  in  a sieve  con- 
taining damp  sawdust. 

The  roots  will  grow  downwards  vertically  in 
the  sawdust,  then  when  they  make  their  way 
through  the  holes  of  the  sieve,  they  will  cease  to  grow  verti- 
cally, but  will  curve  towards  the  sieve. 

Moisture  attracts  roots  more  powerfully  even 
than  gravity. 

Experiments  show  that  growth  is  most  active  at  a tempera- 
ture of  37°  C.,  that  is  to  say,  the  temperature  of  the  human 
body.  Too  low  a temperature,  such  as  freezing-point,  kills ; 
a late  spring,  as  everyone  knows,  destroys  early  blossoms. 


Experiment  D. 


Result. 


Conclusion. 


Experiment  E. 


Result. 


Conclusion. 
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loo  high  a temperature,  as  we  have  seen  in  the  experiment  of 
boiling  seeds,  kills  and  renders  growth  impossible. 

All  these  experiments  show  that  a plant  is  affected  by 
external  conditions,  such  as  light,  temperature,  moisture ; 
thus  it  can  adapt  itself  to  varying  conditions.  A land  plant, 
for  instance,  does  thrive  if  grown  in  water,  its  roots  being 
able  to  adapt  themselves  to  the  different  medium.  This 
power  of  adaptability  is  characteristic  of  all  living  things. 

Note. — Experiments  on  the  influence  of  gravity  are  made  with 
an  instrument  called  a clinostat,  which  consists  of  a wheel  that  can 
be  made  to  rotate  either  vertically  or  horizontally  by  clockwork. 
Fig.  151  shows  a simple  form  of  it. 

A Seth-Thomas  eight-day  clock  has  its  face  and  hands  removed, 

and  its  works  adjusted  so  that 
the  axle  revolves  four  times  as 
fast  as  usual.  The  rod  (r)  is 
fastened  to  the  axle,  and  at  the 
other  end  of  the  rod  is  a circular 
disc  covered  with  cork  ( ck ).  A 
talc  cover  is  fitted  over  the  cork. 
The  seedlings  are  pinned  on  to 
the  cork  disc.  The  clock  may  be 
placed  upright,  when  the  seed- 
lings will  be  rotating  in  the 
vertical  plane  ; if  laid  on  its 
back,  they  will  rotate  in  the 
horizontal.  The  behaviour  of 
the  seedlings  should  be  noted. 
When  rotating  in  the  vertical 
plane,  they  remain  exactly  in 
the  position  in  which  they  were 
placed,  for  under  these  circum- 
stances the  influence  of  gravity 
is  not  felt  in  anv  one  part  of  the  seedling  more  than  in  any  other. 
When  rotating  horizontally  the  influence  of  gravity  is  felt,  and  the 
radicle  curves  downwards. 


Fig.  151. — A Clinostat. 

r,  rod  ; c,  clock ; ck,  cork  disc  ; 
t,  talc  cover. 
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CHAPTER  XXI 

SEASONAL  CHANGES  IN  PLANTS 

In  temperate  climates,  such  as  that  of  our  islands,  plant-life 
has  to  adapt  itself  to  four  seasons— spring,  summer,  autumn, 
winter — which  succeed  each  other  regularly,  though  at  dates 
varying  from  year  to  year.  Spring  may  begin  as  early  as 
February,  but  it  is  not  until  April  in  most  years  that  the 
leaves  are  fully  out,  and  occasionally  not  even  then ; whilst 
summer,  which  should  be  well  in  its  prime  in  the  month  of 
June,  is  sometimes  delayed  until  July.  Those  who  keep  a 
record  from  year  to  year  of  the  dates  at  which  they  find  the 
first  Coltsfoot,  or  Celandine  will  notice  that  there  may  be 
a difference  in  succeeding  years  of  two  or  three  weeks,  accord- 
ing as  the  spring  is  early  or  late.  The  plant,  then,  has  to 
adapt  itself  not  only  to  the  different  seasons  as  they  come 
round,  but  year  by  year  to  the  varying  date  of  each  season. 

The  Fall  of  In  temperate  climates,  the  most  striking  seasonal 
the  Leaf,  change  is  the  falling  of  leaves  in  the  autumn,  and 
the  putting  forth  of  the  new,  young  leaves  in  the  spring. 
Trees  which  shed  their  leaves  some  months  before  the  new 
ones  appear  are  said  to  be  deciduous  (Lat.  de,  and  cado,  to 
fall;  ; those,  like  the  Holly  and  the  Scot’s  Pine,  which  keep 
their  leaves  on  during  the  winter,  are  called  Evergreens. 
Before  falling,  the  leaves  change  their  colour.  The  green 
colouring  matter  of  the  leaf  becomes  partially  decomposed 
owing  to  the  lower  temperature  and  the  decreasing  light  of 
autumn ; other  colouring  pigments  are  formed,  and  thus  the 
beautiful  autumn  tints  are  produced.  Most  trees  have  their 
distinctive  colouring : the  Hornbeam  turns  from  green  to 
yellow,  then  ruddy  gold,  and  finally  a rusty  red,  the  tint  that 
persists  through  the  winter.  The  leaves  of  the  Oak  assume 
a,  rich,  russebbrown  hue ; those  of  the  Beech  turn  from  deep 
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green  to  orange  and  warm  ruddy  brown,  which  almost  blazes 
when  lit  up  by  the  rays  of  the  autumn  sun.  It  is  worth 
while  to  observe  the  special  colouring  of  each  tree,  not  only 
on  account  of  its  beauty,  but  as  a means  of  identification. 
Observing  the  trees  that  grow  on  the  slope  of  a hill  about 
1,000  feet  high,  it  is  possible  to  see  in  the  autumn,  from  the 
different  colouring,  where  one  tree  gives  place  to  another  as 
a greater  height  is  reached.  As  a rule,  the  Beech  will  be 
found  at  a greater  height  than  the  Oak ; the  Scot’s  Pine  and 
the  Birch,  than  the  Beech. 

The  fall  of  the  leaf  is  due  to  the  development  of  cork.  If 
the  leaf  of  a Horse  Chestnut  be  examined  after  it  has  fallen, 
the  base  of  the  leaf-stalk  is  distinctly  brownish-yellow  owing 
to  the  cork ; the  scar  left  on  the  twig  is  also  yellow  for  the 
same  reason.  Both  the  base  of  the  leaf-stalk  and  the  scar 
show  five  or  six  brown  dots  ; these  are  the  remains  of  the 
fibro-vascular  bundles. 

What  happens  is  this  : Cork  begins  to  be  formed  just  where 
the  leaf-stalk  comes  off  from  the  stem  of  the  twig,  and  as  soon 
as  it  is  formed,  the  sap  cannot  pass  from  the  twig  into  the 
leaf-stalk.  The  leaf  is  no  longer  nourished,  and  for  a time 
droops  on  the  twig,  looking  as  if  it  may  fall  any  minute  ; it 
is,  in  fact,  hanging  by  the  fibro-vascular  bundles,  which  will 
snap  in  a high  wind  or  severe  frost,  and  the  leaf  then  falls. 
Everyone  knows  how  roads,  especially  in  the  country,  are 
covered  with  leaves  that  have  fallen  during  a stormy  autumn 
night. 

Fig.  152  is  a section  through  the  base  of  the  leaf  of  Horse 
Chestnut  just  before  the  leaf-fall.  The  layer  of  cork  (ck) 
separates  the  tissues  of  the  leaf-stalk  (on  the  right)  from  those 
of  the  stem  of  the  twig  (on  the  left).  One  fibro-vascular 
bundle  ( vb ) has  already  become  severed  ; the  leaf  is  holding  on 
merely  by  the  one  fibro-vascular  bundle  (vb1). 

In  woods,  fallen  leaves  as  they  decay  make  very  good 
humus  for  the  herbaceous  undergrowth  ; indeed,  the  nature  of 
the  undergrowth  of  woods  depends  to  some  extent  on  the 
tree  which  forms  the  wood,  owing  to  the  fact  that  some  leaves 
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are  so  much  richer  in  food  material  than  others.  The  leaves 
of  the  Larch  are  practically  of  no  value  in  this  respect ; the 
leaves  of  the  Beech  afford  very  little  humus,  those  of  the  Oak 
much  more  : the  undergrowth  of  a Larch  plantation  is  practi- 
cally non-existent : that  of  the  Beech  is  far  more  limited  than 
that  of  the  Oak,  which  is  very  plentiful. 


Fig.  152. — Leaf-fall,  House  Chestnut. 
w,  wood  of  stem ; 7s,  leaf-stalk ; ck,  cork;  vb,  vascular  bundle,  severed 
from  stem;  vb',  vascular  bundle,  still  united  with  stem. 

Winter  The  shedding  of  their  leaves  is  one  of  the 
Buds.  means  by  which  trees  prepare  for  their  winter 

rest ; another  step  is  the  protection  of  their  buds.  The 
position  of  buds  on  a tree  is  best  seen  in  winter,  and  should 
be  studied,  for  the  branching  of  a tree  depends  on  the 
position  of  the  buds,  and  the  form  of  the  tree  to  some  extent 
on  the  position  of  the  flower  buds.  The  Oak  and  the  Ash 
are  good  examples  of  difference  in  branching.  In  the  former 
the  buds  are  much  more  crowded  at  the  apex  of  the  twig, 
and  they  are  alternate,  not  opposite,  as  in  the  Ash.  The 
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branching  of  the  Ash  is  far  simpler  than  that  of  the  Oak ; 
the  former  often  has  very  long  internodes,  the  latter  much 
shorter  ones : for  all  these  reasons  the  branches  of  the  Oak 
are  much  more  crowded,  and  give  the  gnarled  appearance 
characteristic  of  the  tree.  The  difference 
in  the  form  of  the  crown  of  these  two  trees 
is  also  due  to  the  fact 
that  the  branches  come 
off  from  the  main  stem, 
or  leader,  by  a far  more 
acute  angle  in  the  Ash 
than  in  the  Oak. 

The  Horse  Chestnut 
and  the  Beech  may  also 
be  compared.  The  buds 
of  the  former  are  oppo- 
site each  other,  those  of 
the  latter  are  alternate. 

The  apical  bud  of  the 
Horse  Chestnut  contains 
the  flower ; thus  it  can- 
not grow  in  height  in- 
definitely. It  is  a more 
spreading  tree  than  the 
Ash,  which  has  lateral 
f lo  w er  - buds.  The 
branches  of  the  Beech 
come  off  at  more  acute 

years.  lfres  ; y ' angles  than  those  of  the 
scars  left  by  scales  & 

of  last  year's  bud,  Horse  Chestnut,  which 

marking  limit  of  one  sweep  forward,  turn- 
year  s growth.  r ... 

ing  up  their  tips  in  a 
fashion  characteristic  of  this  tree. 

The  structure  of  the  winter  bud  of  the  Ash  and  of  the 
Horse  Chestnut  are  given  on  p.  17;  that  of  the  Beech  is 
now  described,  as  it  differs  in  many  respects  from  those  of 
the  other  trees.  The  number  of  scales  varies,  about  sixteen 
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Fin.  153.— Twig  of 
Horse  Chestnut. 

n,  node  ; int,  in- 
ternode ; l,  lenti- 
cels ; si,  scar  of  at- 
tachment of  last 


Fig.  154. — Twig  of 
Beech. 

n,  node  ; int,  inter- 
node ; l,  lenticels  ; 
si,  scar  of  attachment 
of  last  year’s  leaves  , 
ss,  scars  left  by  scales 
of  last  year’s  bud, 
marking  limit  of  one 
year’s  growth. 
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pairs  are  usually  found.  The  lowest  pair  is  triangular,  small, 
and  pointed.  The  next  four  or  five  pairs  gradually  increase 
in  size,  and  closely  overlap  each  other. 

The  foliage  leaves  begin  about  the 
twelfth  pair.  The  hairs  on  the  scales 
are  silvery,  not  black,  as  in  the  Ash. 

These  scales  are  stipules,  for  between 
each  of  the  lower  pairs  may  be  seen 
a minute  leaf  that  never  develops. 

The  winter  buds  of  different  trees 
should  be  examined  in  January  or 
February,  and  it  will  be  found  that  : 

1.  Bud  scales  representing  the  bases 
of  leaves  occur  in  the  Ash,  Sycamore  1 
Horse  Chestnut. 

2.  Bud  scales  developed  from  stipules 
are  found  in  the  Oak,  Beech,  Poplar, 

Alder. 

3.  The  bud  scales  of  the  Lilac  and 
Honeysuckle  are  true  leaves. 

Some  few  trees  have  no  bud  scales  : 
the  Alder,  Buckthorn,  and  some  species 
of  Viburnum,  the  Juniper,  the  Cyprus, 
are  instances  of  this.  Most  Ever- 
greens, especially  in  tropical  countries, 
have  naked  buds. 

Bark  and  Trees  also  protect  themselves  by  the  develop- 

Lenticels.  ment  of  bark.  If  the  young  seedling  of  a geranium 
be  examined,  the  stem  is  seen  to  be  green ; as  it  gets  older  it 
is  yellowish  brown,  because  cork  has  formed,  but  this  stem 
will  never  form  bark.  This  structure  is  peculiar  to  shrubs 
and  trees,  which  need  a greater  protection  from  the  rain  and 
cold  of  winter  than  would  be  afforded  by  merely  a layer  of 
cork.  Many  herbaceous  plants  die  down,  and  have  their  roots 
or  underground  stems  buried  in  the  earth,  and  thus  protected; 
shrubs  and  trees  cannot  protect  themselves  in  this  way,  and 
therefore  require  the  covering  of  bark. 
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Fia.‘155. — The  Winter 
Bud  of  Beech  dis- 
sected out. 

The  numbers  refer  to 
the  pairs  of  scales  ; the 
foliage  leaves  are  un- 
numbered. 


172 


E LEM ENT A RY  BOTANY 


The  formation  of  bark  is  preceded  by  that  of  cork.  When 
a young  branch  is  growing,  the  inner  tissues  grow  faster  than 
the  outer  skin  or  epidermis,  which  soon  cracks.  Then,  in 
many  cases,  a layer  of  cork  is  formed  underneath,  and  may 
spread  deeper  and  deeper  with  the  growth  of  the  tree,  until 
the  woody  tissue  is  reached.  The  water  which  is  circulating 
from  the  roots  through  the  trunk  of  the  tree  and  its  branches 
in  the  cells  of  the  wood  cannot  pass  through  the  cork  ; conse- 
quently, all  the  tissues  outside  the  cork  dry  up.  The  term 
bark  is  applied  to  all  the  dried-up  tissues  outside  it.  If 
the  bark  were  a compact  layer  without  any  openings  in  it,  the 
inner  tissues  would  not  get  the  necessary  air ; there  are, 
therefore,  openings  in  the  bark,  called  lenticels,  which 
answer  to  the  stomata  in  the  epidermis  of  the  leaf.  These 
lenticels  are  easily  recognised.  In  the  Birch  they  look  like 
long  slits  across  the  bark;  in  the  Apple-tree  they  are  light 
brown  spots,  raised  on  the  surface  of  the  bark.  In  the  Horse 
Chestnut  they  are  small,  brown  dots  (Fig.  153  l)  ; in  the 
Elder  they  form  small  oval  scars  on  the  brown  surface  of  the 
shoot.  Lenticels  are  closed  by  cells  of  corks  during  the  winter, 
when  the  tree  is  practically  in  a resting  condition.  In  the 
spring  it  is  easy  to  see  that  the  lenticels  are  not  merely  surface 
marks,  but  that  they  pass  right  through  the  cork  to  the  inner 
tissues.  If  the  cork  layer  is  stripped  off  from  a twig  of  Elder, 
or  Hazel,  or  Birch,  or  any  shrub  that  shows  lenticels  clearly, 
they  can  be  seen  passing  right  through  it. 

The  most  common  kinds  of  bark  are  : 

1.  Scaly  bark,  which  peels  off  in  scales,  as  in  the  Scot’s  Pine, 
Spruce,  Silver  Fir,  Horse  Chestnut,  -Plane,  etc. 

2.  Ring  bark,  which  peels  off  in  rings,  as  in  the  Vine, 
Honeysuckle,  Birch,  Beech. 

3.  Fissured  bark,  by  far  the  commonest  form  in  our  forest 
trees : the  Ash,  Elm,  Black  Poplar,  Oak,  etc.,  all  have  bark 
of  this  kind.  This  bark  is  characterised  by  longitudinal  cracks 
in  its  substance,  and  by  the  ridges  which  stand  up  between 
the  crevices.  Fissured  bark  has  fibrous  tissues  in  it,  and  is 
more  woodlike  than  the  other  kinds. 


Flatten  and  Garnett. i House  CHESTNUT  IN  Stking. 

PLATE  X. 
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The  difference  in  the  various  kinds  of  bark  is  due  partly  to 
the  origin  of  the  cork  layer,  which  in  some  trees  is  much 
nearer  the  surface  than  in  others,  and  to  the  extent  to  whic 
it  spreads  ; sometimes  it  remains  in  isolated  patches,  an 
sometimes  it  spreads  in  rings  round  the  stem.  \ ary  often  the 
bark  is  quite  different  in  a young  tree  from  what ' it  will  be 
when  the  tree  is  old.  It  is  possible  at  the  base  of  the  trun 
of  an  old  Birch  to  find  fissured  baik, 
which  may  extend  some  ten  feet  up 
the  tree,  whilst  the  younger  branches 
will  have  the  well-known  sheets  of 
bark  peeling  off  in  thin  flakes. 

Trees  in  The  first  sign  of  sPrinS> 

Spring,  as  far  as  vegetation  is  con- 
cerned, is  the  swelling  of  the  buds, 
and  this  may  be  observed  in  trees. 

By  the  end  of  March  the  brown  scales 
of  the  Horse  Chestnut  buds  have 
begun  to  separate  owing  to  the  pres- 
sure of  the  growing  stem  and  leaves 
inside.  Then  they  open,  giving  the 
foliage  leaves  covered  with  down  room 
to  spread  out  The  internodes  of  the 
stem  are  meanwhile  lengthening,  and 
soon  the  flower  at  the  apex  of  the  jv,.  155a.— House  Chest- 
bud  is  seen  pushing  itself  up  above  NUT  Bud  IN  SpRIIsG' 
the  leaves  ; the  bud- scales  by  this  ’ ,R  bud  . s.Cj  8Car  left 


by  fallen  loliage  leaf;  ws, 
scars  left  by  scale  leaves 
of  winter  bud  of  last  year. 


time  are  strewing  the  ground  under- 
neath. In  a favourable  season,  by 
the  end  of  April,  the  spikes  of  flowers 
will  be  conspicuous,  and  the  leaves  will  have  attained  their 
full  size.  It  is  a good  plan  to  make  drawings  of  them  at 
different  stages  of  development ; they  are  compound  leaves, 
consisting  of  five  leaflets,  and  are  described  as  digitate  because 
all  the  leaflets  come  off  together. 

The  Beech  is,  perhaps,  the  most  beautiful  of  trees — in 
spring,  at  any  rate — for  no  other  can  equal  the  delicacy  of  its 

12* 
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colouring.  It  is  a later  tree  than  the  Horse  Chestnut ; the  buds 
do  not  begin  to  open  till  April,  or  even  May,  then  the  brown 

scales  (stipules)  unfold,  exposing 
the  silvery  hairs,  which  glisten  in 
the  April  sunshine.  Between  them 
appear  the  delicate  green  leaves. 
Soon  the  ground  underneath  the 
tree  is  strewn  with  a carpet  of  brown 
stipules,  and  the  leaves  are  fully 
expanded.  There  is  nothing  more 
beautiful  than  a young  Beech  leaf. 
Its  tender  green,  its  ciliate  margin, 
its  delicate  veining,  combine  to  make 
it  a subject  of  ever-recurring  wonder 
as  spring  comes  round.  Changes 
are  also  taking  place  in  the  stems 
of  the  branches  and  trunk.  Each 
spring  a fresh  layer  or  ring  of 
wood  is  formed  (see  p.  26).  In 
the  accompanying  illustration  (Fig. 
157)  a section  of  a branch  of  a Beech  is  drawn.  The 
heart  wood  is  not  so  clearly  marked  off  from  the  sap  wood 
as  in  the  Laburnum,  still  it 
can  be  seen  in  the  centre. 

The  lines  radiating  from  the 
centre  to  the  circumference 
are  the  medullary  rays,  con- 
sisting of  cells  with  thin  walls 
that  allow  the  air  to  penetrate 
to  the  inside  tissues.  The 
rings  are  also  clearly  shown. 

These  annual  rings,  as  they 
are  called,  are  not  found 
in  tropical  or  in  evergreen 
plants. 

Many  shrubs  and  trees  pro-  F((j  ^7>_Section  through  Wood 
duce  their  flowers  in  spring,  of  Beecii. 


Fig.  156. — Bud  of  Beech 
opening. 


Martyr,  and  Son,.]  BEECH  IN  SUMMER. 
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Fig.  158, 1 59.— Flowers 
of  Beech. 

p,  perianth. 


SEA  SON  A L CHANGES  IN  PLANTS 

some  before  the  leaves.  Hazel,  Willow,  Blackthorn,  do  this  in 
order  to  attract  insect  visitors.  The  Beech  and  the  Horse 

Chestnut  blossom  after  the  leaves  are  

well  out.  The  staminate  flowers  of  the 
Beech  hang  down  in  long  stalked 
tassels.  Each  bower  has  a 4-  to  6-lobed 
perianth,  containing  8 to  12  stamens. 

The  pistillate  flowers  have  an  in- 
volucre of  bracts  forming  the  capsule  ; 
the  ovary  is  3-celled,  each  cell  con- 
taining two  ovules,  but  as  a rule 
only  two  or  three  nuts  develop.  There 

is  suppression  of  parts,  as  there  generally  is  in  the  formation 
of  nuts. 

The  flowers  of  the  Horse  Chestnut  are  irregular,  only 
capable  of  being  cut  into  two  equal  halves  in  the  oblique 

plane.  There  are  five  sepals, 
one  shorter  than  the  others  ; 
the  petals  are  five  in  number, 
and  not  joined  to  each  other, 
as  the  sepals  are  ; the  shortest 
petal  lies  in  the  oblique  plane. 
The  seven  stamens  are  inserted 
on  the  disc,  which  is  a nectary. 
The  gyntecium  is  superior,  and 
consists  of  three  carpels. 

The  months  of  May  and  June 
are  those  in  which  flowering 
trees  and  shrubs  are  in  their 
beauty.  The  Laburnum,  Wis- 
teria, Lilac,  Weigelia.  Hawthorn, 
Clematis,  Guelder-Bose,  all  have  conspicuous  flowers.  By 

this  time  the  earliest  flowering  trees,  the  Blackthorn,  Syca- 

more, Elm,  and  others,  have  begun  to  ripen  their  fruits,  which 
will  be  found  strewing  the  ground,  a sign  of  approaching 
autumn, 


Fig.  160. — Median  Vertical 
Section  of  Horse  Chest- 
nut Flower. 
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APPENDIX  A. 

METHOD  OF  WATER-CULTURE 

Darwin  and  Acton,  in  their  ‘ Physiology  of  Plants  ’ (p.  59),  give  ths 
following  composition  of  water- culture  solution  from  Sachs: 


Potassium  nitrate  ... 

10  gramme. 

Sodium  chloride  ... 

•5  „ 

Calcium  sulphate  ... 

•5  „ 

Magnesium  sulphate 

•5  „ 

Calcium  phosphate 

•5  „ 

Water 

1,000  c.c. 

‘ One  part  of  the  mixture  of  salts  is  dissolved  in  50  parts  of  water. 
For  use  it  is  diluted  to  2 or  3 per  mille.  A drop  or  two  of  iron 
chloride  must  be  added.’ 

They  recommend  the  use  of  glass  cylinders  not  less  than  700  c.c. 
capacity ; also  the  thorough  cleansing  of  the  cylinders  first  with 
strong  commercial  nitric  acid,  removed  by  distilled  water  ; then 
rinsing  with  a strong  aqueous  solution  of  mercuric  chloride,  and 
lastly  with  distilled  water  which  has  been  boiled  for  some  time 
immediately  before  use. 

The  culture  solution  should  be  boiled  rapidly  for  half  an  hour, 
the  water  lost  by  evaporation  being  replaced  by  pure  distilled  water 
and  transferred  to  the  cylinder  as  soon  as  cooled. 

The  plant  may  be  fixed  in  the  cork  in  cotton-wool,  though  Darwin 
and  Acton  find  soft  asbestos  better.  Air  is  let  into  the  cylinder 
through  a tube  inserted  into  the  cork.  If  the  plants  are  to  keep 
healthy  for  weeks,  the  water-culture  solution  should  be  renewed  at 
the  end  of  each  week. 

All  these  precautions  are  necessary  to  prevent  the  plants  being 
attacked  by  fungi. 
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APPENDIX  B 

LIST  OF  APPARATUS  REQUIRED  FOR  EXPERIMENTS 
GIVEN  IN  PART  III. 

Half  a dozen  glass  bottles,  500  c.e. 

Half  a dozen  glass  cylinders,  750  c.c. 

Funnels,  one  of  which  should  be  a Thistle  Funnel. 

Two  dozen  test-tubes. 

One  dozen  india-rubber  corks  (caoutchouc  bungs),  some  solid 
some  with  one  hole,  some  with  two  holes. 

One  dozen  ordinary  corks. 

Glass  tubes,  U-shape — about  two  or  three. 

Half  a dozen  beakers. 

Half  a dozen  glass  rods. 

Glass  tubing. 

A sheet  of  glass. 

Bell-jars — about  two  or  three. 

Two  double  bell- jars. 

A water-bath. 

Two  thermometers. 

A balance. 

Also  lime-water,  caustic  potash,  vaseline,  eosin,  powdered  car- 
mine, cobalt  paper,  pyrogallic  acid,  potassium  bichromate,  copper 
sulphate. 

It  is  impossible  to  give  an  exact  estimate  of  the  cost  of  this 
apparatus,  so  much  depends  on  the  quality  of  the  glass  chosen. 

The  most  expensive  pieces  of  the  apparatus  are  the  balance  and 
the  double  bell- jars,  but  these  are  necessary  only  for  two  or  three 
of  the  experiments  given.  The  rest  of  the  apparatus  can  be  pro- 
cured for  about  £4,  and  most  of  it  is  also  necessary  for  the  study  of 
chemistry. 
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A 

Absorption  of  carbon  dioxide,  154, 

155 

,,  ,,  nitrogen,  149 

.»  ,,  oxygen,  151 

,,  ,,  water,  135,  136 

Acacia,  96 
Achene,  73  ; Fig.  88 
Aconite,  75 
Adansonia,  26 

Adaptation  to  surroundings,  123 
Agrimony,  98 
Alkanet,  108 
Almond,  46  ; Fig.  43 
Aloes,  64 

Altitude,  effect  of,  121 
Alyssum,  92 

Amaryllidaceae,  114,  117-119  ; Figs. 

135a,  b,  o 
Anemone,  30 
Anemophilous  flowers,  61 
Angiosperms,  86 
Annuals,  14 

Apple,  69,  74,  101  ; Figs.  84,  85, 

116 

Apricot,  bud  of,  21 
Artichoke,  Jerusalem,  106 
Ash,  17,  20,  21,  26,  77,  79,  171  : 
Figs.  17,  22,  91 
Asparagus,  114 
Assimilation,  154-157 

B 

Balsam,  80 
Bamboos,  121 
Banyan-tree,  roots  of,  13 
Barberry,  36  ; Fig.  30 
Bartsia,  110,  111 
Bean,  seed  of,  3,  4,  6 ; Figs.  1-3 
,,  kidney,  27 

Beech,  35,  165-179  ; Figs.  154-156, 
158-159 
Begonia,  20 
Berry,  73  ; Fig.  83 
Biennials,  14 
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Bignonia  alba,  81  ; Fig.  95 
Blackberry,  69,  75,  98  ; Fig.  114 
Blackthorn,  27,  96,  97 
Bluebell,  113  ; Fig.  131 
Bog  Asphodel,  113 
Borage,  108 
Boraginacese,  108,  109 
Bracts,  29 

Broom,  95,  96  ; Figs.  108  110 
Buckwheat,  grain  of,  9 ; Fig.  11a 
Buds,  16-21 ; Figs.  16-22 
Bugloss,  Viper’s,  108 
Bulb,  23 

Burnet,  Salad,  98 
,,  Great,  99 

Butcher’s  Broom,  113  ; Fig.  134 
Buttercup,  38,  39,  40,  41,  45,  50,  61, 
69,  75  ; Fig.  34 

C 

Campions,  43,  59,  93 
Capsule,  70 
Caraway,  67,  102 
Carrot,  102 

Caryophyllacese,  70,  92,  93  ; Figs. 

53,  67,  68,  80 
Castor-oil  seed,  67 
Celandine,  Lesser,  88 
Celery,  102 

Cell,  life  of,  131-134  ; Fig.  136 

Cherry,  97  ; Fig.  Ill 

Ohickweed.  63,  64,  70 

Chlorophyll,  132 

Christmas  Rose,  39,  62,  70 

Classification  of  plants,  85-87 

Cleistogamous  flowers,  63 

Clematis,  32,  77,  79,  87,  90  ; Fig.  92 

Clinostat,  164 

Clover,  62 

Cocoanut,  67 

Coffee,  67 

Coltsfoot,  62,  103 

Columbine,  62,  70,  75  ; Fig.  76 

Comfrey,  108 

J 
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Composite,  52,  59,  79,  102-106 ; 

Figs.  117-121 
Convolvulus,  27 
Conn,  23  ; Figs.  25,  135r> 
Cornflower,  103,  104 
Cotton,  80  ; Fig.  94 
Cotyledons,  4,  8-10,  29,  68 
Cow  Parsnip,  46,  lcl  ; Fig.  44 
Cowslip,  107 
Cow- wheat,  110 

Crocus,  64,  119  ; Figs.  25,  i3on,  e 
Crucifer®,  63,  70,  91  92  ; Figs.  103, 
104 

Cucumber  squirting,  80 

Cuttings,  13 

Cyclamen,  107 

Cyme,  51  ; Figs.  48,  52,  53 

D 

Daffodil,  117,  118  ; Fig.  135c 
Dahlias,  12,  106 
Daisy,  13,  30,  35,  103 
Dandelion,  39,  43,  103;  Fig.  117 
Date,  67,  74 

Deadnettle,  30,  40,  43,  47,  55,  61, 
111,  112  ; Figs.  129,  130 
Diagrams,  floral,  46 ; Figs.  45, 
46,  etc. 

Dicotyledons,  32,  86 
Differentiation,  132 
Dispersion  of  seeds,  79-81,  125  ; 
Figs.  88-95, 

Distribution  of  plants,  121-123 
Dock,  21 
Dodder,  14 

Doronicum,  104, 105  ; Figs.  118-120 
Drupe,  73  : Fig.  82 

E 

Elm,  79,  121 

Entomophilous  flowers,  61 
Eyebright,  14,  110 

F 

Ferns,  21,  121 
Field-work,  124-127 
Figwort,  55,  59,  70,  109  ; Figs.  49, 
59-61,  75,  123 
Flower,  38-49 
Follicle,  70  ; Fig.  76 
Food  of  plants,  146-150 
Forget-Me-Not,  52.  108  ; Fig.  52 
Foxglove,  43,  47,  51,  69,  109,  110, 
122  ; Figs.  38,  54,  122 
Fritillary,  113 
Fruits,  69-76  ; Figs.  71-85 


G 

Garlic,  Wild,  113 
Gentians,  121 
Geraniaceoe,  73 

Geranium,  35,  40,  59,  80  ; Fig.  31 
Germination  of  seeds,  3-10  ; Figs, 

1-llB 

Geum,  77,  79,  98  ; Fig.  88 
Globe-flower,  89 
Gloxinia,  111 
Golden  Rod,  30 
Gooseberry,  69,  74  ; Fig.  83 
Gorse,  96 

Grape  Hyacinth,  113 
Grasses,  13,  61  ; Fig.  14 
Grom  well,  108 
Groundsel,  103 
Growth,  158  164 
Gymnosperms,  86 

H 

Hawkbits,  103 

Hawk  weeds,  103 

Hawthorn,  74,  101 

Hazel,  39,' 59,  61  ; Fig.  58 

Heaths,  41 

Heliotrope,  108 

Hellebore,  62,  90  ; Fig  101 

Herb  Paris,  113,  114  ; Figs.  132,  135 

Herb  Robert,  63,  80 

Hibernation,  123,  167 

Hibiscus,  121 

Honesty,  70,  92 

Hop,  27 

Horse  Chestnut,  buds  of,  18,  20  ; 

Figs.  18,  19 

,,  ,,  flower,  179  ; Fig. 

160 

,,  ,,  form  of,  26 

,,  ,,  fruit,  70 

Hound’s  Tongue,  108 
Hyacinth,  40,  51,  113 

I 

Inflorescence,  50-55  ; Figs.  47-54 
Insectivorous  plants,  36 
Insects  and  pollination,  61,  125 
Iridacese,  114,  119,  120  ; Figs. 
135n,  e 

Iris,  62,  70  ; Fig.  81 
L 

Labiat®,  111-113  ; Figs.  129,  130 
Laburnum,  25,  26,  69  ; Fig,  28 
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Ladies’  Mantle,  98,  123 
Larkspur,  39 

Lathyms  Aphaca,  32  ; Fig.  33 
Leaf- fall,  167  ; Fig.  152  ° 

Leaves,  29-37  ; Figs.  29-33 
Legume,  69  ; Fig.  7 1 
LeguminosiB,  63,'  93  96  ; Figs  105- 
110 

Lichens,  121 

Light,  effect  of,  161 
Ligulatoe,  103 
Lilac,  32,  35 

LiliaceiB  113-115;  Figs.  131-135 
Lily,  40,  69,  113 

May,  113,  114 
Linnrean  system,  85 
Loose  strife,  60 
Lupin,  31  ; Fig.  29 
Lychnis,  92  ; Fig.  80 
Lysimachia,  107 

M 

Maize,  grain  of,  5 ; Figs.  4-9 
Mallow,  40,  42  ; Fig.  37 
Marigolds,  106 

Marsh  Marigo'd,  39,  62,  70,  90  ; 
Fig.  102 

Mignonette,  62  ; Fig.  66 
Mimosa,  96 
Mistletoe,  14 
Monkshood,  88 

Monocotyledons,  32,  46,  67,  86 
Mosses,  121 
Mulberry,  76 
Mullein,  110  ; Fig.  124 
Mustard,  70,  92 

N 

Narcissus  or  Daffodil,  118 
Nasturtium,  32  ; Fig.  86 
Nectaries,  61  ; Figs.  64-66 
Nut,  73 

O 

Oak,  26,  30,  79,  165  179 
Oleander,  121 

Orchids,  roots  of,  13,  43  ; Fig.  15 
Ovule,  65,  66  ; Figs.  69,  70 
Oxlip,  107 

P 

Pansy,  70  ; Figs.  77,  78 
Parasites,  14,  110,  126 
Pea,  Sweet,  39,  40,  44,  47,  48,  61, 
GS,  09,  80  94  ; Figs.  32,  105- 107 


Pear,  74 
Peony,  70 
Pennyeress,  70,  92 
Perennials,  15 
Pimpernel,  46,  107  ; FV.  4i 
Pinks,  93 

Placentation,  43,  44 
Plane,  bud  of,  18  ; Figs.  20,  21 
Plum,  73,  97  ; Fig.  82 
Pollination,  56-64  ; Figs.  55-68 
Poppy,  38,  73  ; Fig.  79 
Potato,  24 ; Figs.  26,  27 
Potentilla,  98 
Prickle,  27 

Primrose,  39,  43,  49,  60,  62,  107  • 
Figs.  39,  62,  63 
Primulaceae,  107,  108 
Privet,  81 
Protococcus,  132 
Protoplasm,  131 

R 

Raceme,  51  ; Fig.  54 
Rainfall,  122 

Ranunculacese,  87,  88  ; Figs.  96  102 

Raspberry,  25,  75 

Rattles,  110 

Rest-harrow,  96 

Rhubarb,  31 

Roots,  11  ; Figs.  12-15 

Rosacea3.  96-101  ; Figs.  111-116 

Rose,  30,  45,  69,  75,  97,  98  ; 

Figs.  112,  113 
Rotation  of  crops,  149 

S 

Saffron,  Meadow,  11? 

Salsify,  77  ; Fig.  89 
Schizocarp,  73  ; Figs.  86,  87 
Scirpus,  23  ; Fig.  23 
Scots  Pine,  35,  44 
Scrophulariacere,  109-111  ; Figs. 
122-128 
Sea  Aster,  122 
,,  Lavender,  122 
,,  Milkwort,  108 
,,  Thrift, '122 

Seasonal  changes,  104,  165-179  ; 
Figs.  152-160 

Seed,  formation  of,  65-68  ; Figs.  69, 
70  ■ • 

Seeds,  germination  of,  3-11 
Shepherd’s  Purse,  70  ; Figs,  "3,  74 


INDEX 
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SI  i mbs,  25 
Siliijua,  70  ; Fig.  72 
Snapdragon,  110 
Snowdrop,  40.  49,  117-119; 

Figs.  135a,  b. 

Snowflake,  119 

Soil,  air  in.  1 44 
,,  formation  of,  140 
,,  relation  of  plants  to,  146-150 
Solomon’s  Seal,  23,  113  ; Fig.  133 
Spike,  51  ; Fig.  51 
Spine,  27 
Spinea,  98 

Star  of  Bethlehem,  113 
Starch,  154-157 

Stellaria,  52,  64,  92  ; Figs.  5“\  67, 
68 

Stems,  22-28 

,,  climbing,  27 
,,  underground,  22  24 
Stitchwort,  92  ; Figs.  53,  67,  68 
Stomata,  138 
Strawberry,  75,  98 
Sunflower,  seeds  of,  7 ; Figs  10, 
11 

Sycamore,  10,  21,  32,  79 ; Figs. 
11 B,  90 

T 

Thorn,  27 
Toadflax,  80,  110 
Transpiration,  137-139  . 

Trees,  25,  38 
Tuber,  24 
Tubuliflorse,  103 


U 

Umbel,  51  ; Fig.  50 
Umbelliferae,  62,  73,  101-102  ; Figs. 
87,  89 

Underground  stems,  22 

V 

Veronica,  110  ; Figs.  125,  126 
Vetches,  80 

Violet,  21,  39,  42,  43,  47,  48,  49, 
61,  63,  69,  70,  80  ; Figs.  36.  46, 
65,  77,  78 

Virginia  Creeper,  27 

W 

Wallflower,  40,  61,  69,  70,  91  ; 

Figs.  64.  72,  103,  104 
Walnut,  73 

Water,  absorption  of,  135-137  ; 
Fig.  140 

,,  Crowfoot,  36,  88 

,,  giving  off  of,  137,  138 

,,  passage  through  the  plant, 
135-139 

Willow,  39,  56  ; Figs.  55,  56,  57 
Willow  Herb,  80,  81  ; Fig.  93 
Wind,  effect  of,  1V2 
Wood,  rings  of,  25  ; Fig.  28 
Woodruff",  32,  178 
Wood  Sorrel,  63 

Y 

Yarrow,  103 
Yews,  26 

Z 


Tulip,  39  ; Figs,  24,  35 


Zinnias,  106 


THE  END 
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